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REPORT OF THE DIRECTOR. 



This report covers the government fiscal year ending 
June 30, 1894, for its financial statement, and the work 
of the several investigators so far as complete down to 
the time of going to press December 1, 1894. By this 
promptness we hope to be able to present to our constit- 
uents the results of our work in time for their winter 
reading during the earlier months of 1895. 

Irrigation investigations, — During the past season we have 
begun a series of investigations in irrigation for garden 
and farm crops believing that this effort would meet with 
approval. Though Wisconsin lies wholly within the 
humid region, the precipitation is such that crops not 
infrequently suffer from drought; the summer 1894 was a 
marked example in this particular. 

Our equipment for irrigtaion work consists of a 10 H. 
P. traction steam boiler and engine, a large centrifugal 
and a small rotary pump, a cement reservoir, 40 feet in di- 
ameter, considerable piping, etc. ; to these we hope to add 
materially during the coming year especially in the way 
of piping, so that we may be able to show the value of 
additional water on field and garden crops. The results of 
the investigations by Professors King and Goff will be read 
with interest by our people, and are especialy commended 
to those raising crops where there are possible large in- 
comes from an acre, notably vegetables and small fruits. 

Marsh drainage, — During the past fall a most interesting 

experiment has been inaugurated on the university farm. 
About 40 acres of our farm lies with its surface so near 
to the water level of Fourth Lake that drainage as 
usually practiced is out of the question. Ten acres of 
this land, a small portion of which is actually below lake 
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level and all of which has remained incapable of cultivat- 
ion for the reason above stated, has been rescued from 
uselessness and put in the way of possible high agricul- 
tural value through diking and draining. A dike has been 
built along the inlet to the lake to prevent overflow from 
that side ; inside this dike a ditch between three and four feet 
deep has been excavated which empties into a reservior 
40 X 60 feet in area and^four feet deep. Tile drains are 
laid 33 feet apart under the ten acres; these empty into the 
open ditch which in turn carries the water to the reservoir. 

A 14 foot Eclipse windmill working an 8 x 10 inch cylin- 
der pump^with direct stroke lifts the water out of the reser- 
voir over the dike and into the lake. This is practically 
the Holland systen for reclaiming low-lying and sub- 
merged lands, and if the project proves a success we 
shall be able to add materially to our present arable lands 
on the station farm and afford an example for others to 
follow. 

Tuberculosis in the Station dairy herd, — Last winter Dr. 
Russell of the Station, and Dr. W. G. Clark, instructor in 
veterinary science, conducted a test of our dairy herd for 
tubercular consumption, by the acid of the Koch tuberculin 
lymph. It was found that nearly all individuals of the herd 
were affected with the disease and one after another the 
animals were slaughtered during the investigation until 
twenty-eight were destroyed, leaving but two cows which 
were pronounced free from the disease. We are now with- 
out a dairy herd and the stable in which our cows were kept 
is we believe so thoroughly infected that it is not advisable 
to place valuable animals therein. For this reason we are 
without a herd of cows at the Station ,and shall await 
legislative assistance in the way of a new barn before any 
steps are taken in this direction. 

TJie Station force, — During the past year there has been 
no changes in our Station force, a matter for congratula- 
tion when we read of the many changes going on in some of 
our sister Stations. Mr. E. H. Farrington has come tons 
from the University of Illinois, with the title of Asso- 
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ciate Professor of Dairy Husbandry, his work being in 
the dairy school as head instructor and investigator. By 
thus increasing our force of dairy workers we hope to be 
able to do still better work in the future than in the past, 
helping on an industry, the importance of which is even not 
yet fully realized by the citizens of our state. No state in the 
Union combines equal advantages for butter and cheese- 
making with ours, and only a short-sighted policy will hold 
back our university from being a leader in the enormous 
development possible in this direction. 

In justice to two of our workers a word of explanation 
is deemed necessary. When the Babcock milk test was 
given to the world we hardly realized what would follow. 
A large part of Dr. Babcock's time for the last three 
years has been taken up with correspondence relating to 
this test, and with work connected with the dairy test 
of the World's Columbian Exposition. Mr. WoU has 
given much of his time to editing and general supervis- 
ion of our report and bulletins, and to caring for our agri- 
cultural library. For these reasons we have not been able 
to present the amount of chemical work which would seem 
due from this part of our Station force. 

The mailing list — Our old mailing list which numbered 
more than 8,000 names was the accumulation of years and 
needed thorough revision. Notices were sent with our 
Tenth Annual Report that all persons receiving the same 
should send in an application if they wished their names to 
remain on our list. We again renew our offer. All citizens of 
our state wishing our Reports and Bulletins are requested 
to send in their names with county and post-of&ce. 

Publications available for distribution, — Most of our earlier 
publications are now out of print. We have on hand and 
will supply to residents of this state only, until exhausted, 
any of the following: 

Eighth Annual Report for the year 1891. 
Bulletin No. 14, Artificial Fertilizers and Land Plaster. 

Bulletin No. 16, A New Method for Datermiaing Fat in Milk (Short's Test), July ^83. 
Bulletin No. 18, The Constitution of Milk. 
Bulletin No. 19, Notes on Ensilage. April, '89. 

Bulletin No. 21, Comparative Value of Warm and Cold Water for Milch Cows in Win- 
ter, October, '89. 
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Bulletin No. 22, Repoi*t on Oats, Barley and Potatoes for 1889, January, '90. 

Bulletin No. 23, Prevention of Apple Scab, April, '90. 

Bulletin No. 25, Feeding Bone Meal and Hard Wood Ashes to Hogs Living on Corn, 
October, '90. 

Bulletin No. 26, Sugar Beet Culture in Wisconsin, January, '91. 

Bulletin No. 27, The Feeding Value of Whey, April, '91. 

Bulletin No. 28, The Construction of Silos, July '91 . 

Bulletin No. 29, Creaming Experiments, Octobar, '91. 

Bulletin No 30, Sugar Beet Experiments in Wisconsin for 1891, January '92. 

Bulletin No. 32, Feeding Grain to Lambs, July, '92. 

Bulletin No. 33, Rations for Dairy Cows. 

Bulletin No. 34, Preventive Treatment for Apple Scab, Downy Mildew and Brown Rot 
of the Grape, Potatoe Blight and the Smut of Wheat and Oats, January, '93. 

Bulletin No. 85, Insects and Diseases Injurious to Cranberries, April, '93. 

Bulletin No. 3r, The Russian Thistle, October, '93. 

. Bulletin No. 38, One Hundred American Rations for Dairy Cows, January, '94. 

Bulletin No. 39, Noxious Weeds, April, '94. 

Bulletin No. 40, Tuberculosis and the Tuberculin Test. July, '94. 

Bulletin No. 41, Grain Feeding Lambs for Market, August, '94. 

Bulletin No. 42, Destructive Effects of Winds on Sandy Soils and Light Sandy Lcams, 
with Methods for Protection, October, '94. 
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EXPERIMENTS IN SWINE FEEDING- 



W. A. HENRY. 

I.— Food Beqnired During Growth by Full-Blood Po- 
land China and Berkshire Figs. 

The following trial was conducted for the purpose of 
ascertaining the food of growth with full-blood pigs. 
The breed, age, etc., of the animals used was as follows: 



Breed. 


Animal . 


When far- 
rowed. 


Name and Address of Breeder. 


Poland China. . 


Boar.. . 


Max^ 24, 1890 


CM. Bfigham, Hebron, 111. 


Poland China. . 


Sow No. 1 


Apr. 11, 1890 


Theo. Louis, Louisville, Wis. 


Poland China.. 


Sow No. 2 


Mch.SS, 1680 


Theo. LouiP, Louisville, Wis. 


Poland China. . 


Sow No. 3 


Apr. 4, 1890 


Geo. Wylie, Leeds, Wis. 


Poland China. . 


Sow No. 4 


Apr. 4, 1890 


Geo. Wylie, Leeds, Wis. 


Berkshire 


Boar 


Feb. 25, 1890 


A.J. Love joy & Son, Boscoe, 111. 


Berkshire 


Sow No. 1 


Apr. 7, 1890 


A. A. Arnold, Galesville, Wis. 


Berkshire 


Sow No. 2 


Mch.ll, 1890 


A. A. Arnold, Galesville, Wis. 


Berkshire 


Sow No. 8 
Sow No. 4 




W. H. Jacobs, Madison, Wis. 


Berkshire.. ■... 




W. H. Jacobs, Madison, Wis. 



These animals were choice representatives of the breed, 
selected for us by the breeders themselves; they may 
therefore be considered representative according to the 
judgment of friends of the breed. The animals reached 
the Station in August, and beginning with the 18th of 
that month, for 224 days thereafter each was fed sepa- 
rately, all feed being carefully weighed and recorded. 

The sows run together on a good short blue-grass pasture 
until winter, when they were confined in a roomy pen, 
being separated only at time of feeding. The grain fed 
during the whole trial consisted of half wheat shorts and 
half corn meal. The milk was separator skim milk con- 
taining very little fat, and the whey was from our dairy 
school cheese room. During Periods II and III two sows 
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from each breed received half a pound of cotton seed 
meal daily while two sows and the boar received an equal 
weight of oil meal. At the beginning o Period III these 
two feeds were reversed so as to give a fair average for 
the whole time. 

Our aim in this experiment was to so feed as to keep 
each animal in the best possible growing condition not get- 
ting too fat. Weight considered, it was found that the daily 
food consumption of the animals on this trial was practi- 
cally the same in amount one with another, and this uni- 
formity continued throughout the whole trial. No animals 
were ever sick or off feed, all of which goes to show that 
they were vigorous animals well selected by the breeders 
and that the feeding was carefully conducted. The data 
of this trial occupy nineteen closely filled pages of figures 
and the tables here given are the summaries of several 
thousands separate weighings of food and animals. 

The following table summarizes the feed consumed dur- 
ing the three periods covering 224 days in all, the weights 
of the several animals at the beginning of the trial, and 
the gains for each period. The sows were all bred dur- 
ing the month of January. 

Table showing food eaten and gains made by Poland China and Berk 

ahire pigs. 





j Length of period 
1 — days. 


Feed Eaten. 




Original Weiobt 


AND Gains. 




• 

2 

o 


Lbs. 


a 

B 

CD 

Lbs. 




i 


Sows. 




1 

Lbs. 
103 


2 


3 


4 


A,^Poland China. 


Lbs. 


Lbs. 


Lbs. 
70 


Lbs. 
121 


Lbs. 
105 


Lbs. 

103 


Period I 


154 


2,747 




6,122 


2,600 


159 165 


156 


159 


163 


Period II 


35 


610 


*82 


400 


1,640 


33 


36 


45 


38 


37 


Period III 


35 


613 
8,976 


t88 




2,640 
6,880 


31 


31 


44 


40 


81 






Total 


324 


170 


6.622 


223 


232 


245 


237 


231 






B.— Berkshire. 










172 


99 


85 


86 


65 


Period I 


154 


2,617 




6,136 


2,644 


153 


164 


149 


181 


163 


Period II 


35 


616 


t^i 


4C0 


1,640 


3o| 37 


3t* 


34 


34 


Period III 


85 


688 


§88 




2,530 


361 35 


83 


38 


60 










Total 


234 


8,816 


180 


6,536 


6,814 


908 


230 

• 


220 


2S6 


247 



* 55 lbs. oil meal. 



1 85 lbs. oil meal. 



1 37 lbs. oil meal. 



§ 53 lbs. oil meal. 
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The above figures, though greatly condensed and care- 
fully arranged, are still not in shape to be easily studied; 
to make the results of .our work plainer let us further con- 
dense and rearrange. To this end we note the total gains 
of the two lots for each of the periods. This was as 
follows : 



period r, 151 days, gain made. . 
Period II, 35 days, gain made. . 
Period III, 85 days, gain made . 



Total, 221 days. 



PolaDd 

China (1 

boar, 4 

sown). 



802 lbs. 
189 lbs. 
177 lbs 

1,166 lbs. 



Berkshire, 
(1 boar, 
4 sows). 



813 lbs. 
173 lbs. 
ICl lbs. 



1,167 lbs. 



We note that five full blood Poland Chinas, one boar 
and four sows, gained 1168 lbs. in 224 days, while five 
Berkshires gained 1167 lbs. in the same time, or within 
one pound of what the Poland Chinas gained, an agree- 
ment quite surprising. 

Let us next note the food required for 100 lbs. of gain 
during all the periods, which is shown in the following 
table: 

Table showing the food required for 100 lbs, gain, live weight, with full- 
blood Poland China and Berkshire piga, during growth. 



Grain . . 

Cktttonseed meal and oil meal 

Skimmilk , 

Whey 



Poland 
Chjna (1 
boar, 4 
sows;. 



310 lbs. 

15 lbs. 

558 lbs. 

589 lbs. 



Berkshire 
(l boar, 
4 sows). 



827 lbs. 

15 lbs. 

560 lbs. 

584 lbs. 



The striking similarity of the two columns of figures 
may be made more apparent if we can substitute a grain 
equivalent for the skim milk and whey fed. Fjord of Den- 
mark, as the result of a large number of feeding ex peri- 
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ments with swine,* concludes that one pound of barley or 
rye meal equals 12 lbs. of whey or 6 lbs. of skim milk. 
If we substitute these meal values pf the whey and skim 
milk we have : 



Table showing Jood required for 100 lbs. of gain, 

Poland Chinas. 

Corn meal and shorts as above reported , 340 lbs. 

Cottonseed meal and oil meal 15 lbs. 

Meal equivalent of 658 lbs. skim milK 93 lbs. 

Meal equivalent for 589 lbs. whey 49 lbs. 

Total grain and equivalent for 100 lbs. £ain 497 lbs. 

Berkshires, 

Com meal and shorts as above reported SS7 lhi%. 

Cottonseed meal and oil meal 15 lbs. 

Meal equivalent of 560 lbs. skim milk * 93 lbs. 

Meal equivalent of 584 lbs. -whey 49 lbs. 

Total grain and equivalent for 100 lbs. gain 484 lbs. 

The above table shows that our group of Poland Chinas 
consumed 13 lbs. or 2.7 per cent, more feed while making 
100 lbs. of gain than did the Berkshires. This difference 
is so small that it is believed to come entirely within the 
limits of error for this class of work. By this it is meant 
that were we to conduct a similar trial where both lots of 
pigs were Poland Chinas or both lots Berkshires, there 
might be as large or even a larger difference in the weight 
of food required for a given gain with the two lots as is 
here shown. 

Our trial shows that Berkshire and Poland China pigs 
used for breeding purposes after reaching a weight of about 
one hundred pounds can be carried up to a weight of 
over three hundred pounds on feeds which favor and 
promote bone and muscle growth, with a requirement of 
about 500 lbs. of meal or meal equivalent for each hun- 
dred pounds of increase in live weight. 

* Fodringsforsoeg med Svin, 1887. 
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II. — Cotton seed meal and linseed meal as a partial grain 

food for pigs. 

As stated in the previous experiment during the last two 
periods cotton seed meal and oil meal were fed to the full 
blood hogs there under trial. To give more prominence 
to this portion of the work the following statements are 
made: Beginning January 19th, one-half pound of cotton 
seed meal was fed to a portion of the hogs and an equal 
amount of oil meal to the others. After thirty- five days 
the feeds were reversed. The following table summarizes 
the results: 

Table showing the food consumed and gain during two periods of 35 days 
each with hogs receiving one-half pound of oil meal or cotton seed 
meal daily. 





Avg. 
Wgc.^ 


Gain. 


• 

Food Eaten. 




Grain 
Feed 


Cotton 
Seed 
Meal. 


Milk. 


Whey 


Period II C35 days), 8 Berkshire 


lbs. 
274 
265 
283 
296 


lbs. 

105 

75. 

88 

106 


lbs. 
870 
247 
245 
868 

1280 


. lbs. 
56 
87 
85 
53 


lbs. 
240 
160 


lbs. 

984 


Period II (85 days), 2 Poland China 

Period III (85 days), 2 Berkshire 


656 
1,056 


Period III (35 days), 3 Poland China 

Average and totals 


1,584 


261 


374 


181 


400 


4,280 

■ ■ 










Oil 
Meal. 






Period II (85 days), 2 Berkshire 

Period II (35 days), 8 Poland China 

Period III (85 days), SBerkshires 

Period III (35 days), 2 Poland China 

Average and totals 


249, 
&58 
307 
802 


68 

114 

93 

71 


247 
369 
338 
245 


37 
55 
53 
85 


160 
240 


656 

984 
1,474 
1,056 


280 


846 


1199 


180 


400 


4,170 
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From the above we deduce the following : 

Food for \00 lbs. of gain with pigs getting onehalf pound each daily of oil- 
meal or cotton seed meal. 



Grain 

Cotton seed meal 

Oil meal 

Milk 

Whey 



Hoffs fed- 
Cotton seed 
meal. 



lbs. 
329 

4S 



107 
1,144 



H'^gs fed 
oil meal. 



lbs. 
847 



53 
116 
1,176 



Giving to whey and milk their grain equivalent as used 
in the previous trial, we find that for 100 lbs. of gain, 
live weight, it required 492 lbs. of meal or its equivalent, 
with the pigs getting cotton seed meal, and 516 lbs. of 
meal or its equivalent with the pigs getting oil meal. Our 
pigs receiving oil meal therefore ate 24 lbs. or 5 per cent, 
more of feed than did those getting cotton seed meal. 

Carefully conducted experiments at the Texas Station* 
show that whenever cotton seed meal is fed in any consid- 
erable quantity to hogs, although they may thrive at first, 
serious losses through death are sure to follow, if the prac- 
tice is continued. In one experiment where twenty pigs 
were used, ten died within ten weeks after beginning the 
feeding of cotton seed or cotton seed meal, and in a second 
that with fifteen pigs seven died from the same cause. 

No deleterious effects were noticed with our pigs, bub it 
should be remembered that the experiment lasted only 
seven weeks and that the quantity of cotton meal fed was 
very small. Unfavorable results were not noted in the 
Texas investigations until several weeks after the begin- 
ning of the trial. It is probable that cotton seed meal can 
be fed to pigs successfully as in our case where the quan- 
tity of meal so given is small, not over one-quarter of a 
pound daily for each hundred weight of animal. In view 
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of the results at the Texas Station we would not recom- 
mend the use of cotton seed meal in large quantities to 
hogs for any considerable period of time. 



III. The Relative Value of Cooked and Uncooked Feed 

for Swine. 

In the Fourth Annual report of this Station published in 
1886 the writer gave the details of ten trials in which cooked 
and uncooked feed were fed against one another to swine. 
The results of these trials were, without exception, 
against the practice of cooking feed. Surprised at our re- 
sults the reports of other agricultural colleges and experi- 
ment stations were examined and found to give practically 
concordant results. Briefly summarized these, including 
our own, show as follows : 

Relative value of cooked and uncooked feed for swinZy as measured by the 

amount of food required for a given gain. 

Whole Corn. 

1 trial at Kansas Ck>liege (Rep. , Prof. Agr., '85. ) 

S trials at lov^a Agricultural College (Coburn's Swine Husbandry). Loss by cooking^ 17 
percent. 

Com Meal. 
9 trials at Maine College (Ann. Rept. Trustees, 1878). 

2 at Iowa (Coburn's Swine Husbandry). 

2 la Wisconsin. Loss by cooking, 17 per cent. 

Whole Corn and Shorts 
2 trials at Wis. station (Fourtli Rept. ). Loss by cooking, 15 per cent. 

Corn Meal and Shorts. 

5 trials at Wisconsin station (ITourth Ann. Rept.) Loss by cooking, 1 per cent. 

Com and Oat Meal. 

1 trial at Mien. College (Bui. 4) . Gain by cooking, 2 per cent.* 

Barley Meal. 
4 trials at the Wis. station (Fourth Ann. Rept.) . Loss by cooking, 6 per cent. 

Barley, Rye and Pea Meal. 

2 trials at the Ottawa station (Bui. 15). Gain by cooking, 1 per cent. 

Peas. 

6 trials at Ontario College (Rept. 1876). Loss by cooking, i per cent. 

Potatoes. 
1 trial at Maine station (Rept. 1886-7). Gain by cooking, 12 per cent. 



♦In this experiment the feed was prepared by pouring scalding water on the meal and 
allowing it to stand before feeding. We can hardly call this cooked feed. 
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All of these results, except that at Ottawa, with barley, 
rye and pea meal, and the Maine trial with potatoes, were 
detailed in our Fourth Annual Report. Our conclusions 
unfavorable to cooking feed for swine attracted much 
notice, and comments favorable and unfavorable appeared 
in the agricultural press. They also brought consider- 
able private correspondence. Some writers declared that 
it is unreasonable to suppose that a given quantity of 
cooked feed is less nutritious for swine than the same 
amount of feed before cooking. Farmers wrote that they 
had practiced cooking feed and never had their hogs do so 
well by any other system. Had our experiments stood 
alone and unsupported so much opposition would have 
greatly shaken our faith in our conclusions, but the corrob- 
orative evidence was too large and varied to be easily set 
aside. 

There were two points in which we had possibly failed. 
In these trials the feed was cooked by using a steamer — 
that is, steam was generated in one vessel and forced 
through a pipe over to the bottom of a second which held 
the wet feed. The meal was well stirred and always 
thoroughly cooked. It was barely possible that this form 
of steaming was not the most satisfactory, though it 
seemed the best plan that could be devised. The uncooked 
meal had in all cases been fed dry, a practice not satisfac- 
tory as shown by later trials. In most all of these trials 
our hogs, getting both cooked and uncooked feed, had not 
made as large amount of gain from a given weight of feed 
as was shown possible by later experiments. It was such 
considerations as these and to gain still more experience, 
that led the writer to undertake the experiments here re- 
ported in order to obtain further light on this important 
subject. 

In the experiments here reported the meal was in each 
case cooked in a large iron kettle or caldron by first bring- 
ing the water to a boiling point and then adding a little 
salt and stirring in the meal gradually until a thick mush 
or pudding resulted. The boiling was continued for 
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about fifteen minutes, the attendant stirring constantly to 
prevent burning. The greatest care and attention was 
given to making a pudding just as palatable as possible 
for the hogs. 

The animals under trial were always divided into two 
lots, as even in all respects as possible. To one was given 
as much of this cooked meal as the animals would eat with 
relish, care being taken that no feed should be left re- 
maining in the trough. The mush was always given 
warm at about 100° temperature. With the hogs getting 
uncooked feed the meal was placed in the feed trough dry 
and hot water poured over it, stirring with a stick until 
water and meal were well mingled. It was arranged that the 
temperature of the mixture should be the same as with the 
cooked feed, thus giving neither lot an advantage over 
the other in the temperature of food at feeding time. In 
the first three trials a third lot of pigs was fed part cooked 
and part uncooked feed, the quantity being as nearly an 
equal mixture of the two as the attendant could well make 
it. In all cases the weights reported are accurately given 
for the dry meal. 

FIRST trial. 

Our first experiment was with a lot of 15 full-blood and 
6 grade Berkshire pigs, divided into three lots of seven 
each. * Pigs numbered 1 and 2 in the following table were 
grade Berkshires, those numbered from 4 to 7 inclusive, 
were eligible to registry. Their previous feed had been 
corn meal, shorts and milk. On September 21 they were 
placed in their respective pens, each lot receiving for feed 
and equal weight of corn meal and shorts. For Lot I all 
of the grain mixture was cooked. For Lot II it was fed un- 
cooked, being moistened just before feeding time. To the 
pigs in Lot III was given as nearly as possible a mixture 
of equal parts of cooked and uncooked meal. As customary 
with us the several lots were fed on their respective feeds 
for one full week before the experiment proper began, we 
believing that this preliminary period is necessary in order 
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to get the animals filled up and gaining normally. For 
convenience of study we have grouped the trials into 
periods of four weeks each. 



Table showing the results of feeding cooked and uncooked and a mixture 
of cooked and uncooked food to pigs . Each period 4 weeks. 



Lot I.— Cooked Fkkd. 





Grain Fed. 


Milk. 


WeJgbt of Pigs. 






Cooked. 


Un- 
cooked. 


1 

lbs. 
94 
86 
80 
23 
8, 


2 

lbs. 

116 

51 

40 

23 
(14 


3 

lbs. 
102 
48 
82 


4 

lbs. 
102 
37 
24 


5 

lbs. 
85 
88 
27 
23 
88 


6 

lbs. 
88 
42 
85 
29 

106 


7 

lbs. 
94 
40 
24 

28 
92 


Total 
gain. 


Weierht Sept. 28 


lbs. 


lbs. 

' ■ ■ • • • 


lbs. 

• • • ■ . 

482 

• • • • ■ 


lbs. 


Period I 

Perlodll- 


9:0 
1,090 
1,031 


292 
212 


Perlodm 


26 28 


180 


Total feed and ga^n 


8,041 1 1 


482 
I 1 


106 


89, 


684 



Lot IL— Uncooked Feed. 



Weight Sept. 28 

Period! 








no 


1 
116 


93 

35 

31 

34 

100 


93 
88 
80 

28 
96 


85 


87 


1II2 






942 
1,154 
1,102 


482 
482 


41 

88 

83 

107 


34 

26 
25 
84 


80 
24 

27 

81 


' 1 " - 
44 J 48 


270 


Perlodll 




29 
84 

107 


86 

48 

181 


207 


Periodlll 




229 


Total feed and gain 




8,198 


707 







Lot III. —Part Cooled, Part Uncooked Feed, 



Weight Sept. 28 








115 


110 


90 


112 


105 


87 


82 




PeriodI 


498 


417 


482 


87 


43 


45 1 51 


41 


41 


88 


293 


Periodll 


590 


555 




23 


30 


28 


87 


30 


81 


26 


210 


Period III 


563 
1,651 


529 




24 


35 


SO 
103 


130 


27 

98 


25 

97 


22 

81 


206 






Total feed and gain 


1,601 


482 


89 ItlO 


708 
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SECOND TRIAL. 

The pigs used in this experiment were Berkshires ^ 
eligible to registry. All had been fed corn meal and 
shorts equal parts by weight before the trial began. 
Twelve pigs were divided into three lots of four each and 
given cooked and uncooked feed under conditions similar 
in all respects to that described in the first trial. The re- 
sults are embodied in the following table : 

Table showing results of feeding cooked a ad uncooked and a mixture of 

cooked and uncooked feed to pigs. 



Lot I.— Cooked Feed. 



Weight at begixming, Sept. 27 

Feed and gain, Period I (4 weeks) 

Feed and gain, Period U (4 weeks).. .. 

Feed and gain, Period III (4 weeks) .. 

Total 



Grain Fed. 



Cook'd. 



lbs. 



476 
677 
664 



1,617 



Un- 
cooked. 



lbs. 



Weight and Gain of 
Animals. 



lbs. 
83 
89 

as 

23 

100 



2 


3 


4 


lbs. 


lbs. 


1 
lbs. 


81 


» 60 


75 


38 


32 


23 


45 


31 


36 


36 


26 


19 


119 


89 


78 



Total 
gain. 



lbs. 

182 
160 
104 
886 



Lot If.— Uncooked Feed. 



Weight Sept. 27 

Feed and gain, Period I (i weeks).. 
Feed and gain, Period II (4 weeks). , 
Feed and gain, Period III (4 weeks) 
Total ... 



467 

552 

584 

J, 603 



86 
34 
38 
26 
98 



85 
24 
30 
31 



85 



85 


62 


28 


19 


37 


31 


42 


26 


107 


76 



105 
1|6 
125 



366 



Lot III.— Feed Part Cooked , Part Uncooked, 



Weight Sept. 27 ... 

Feed and gain, Period I (4 weeks) 

Feed and gain. Period II (4 weeks) 

Feed find gain, Period III (4 weeks) 

Total 







85 
27 


82 
42 


77 
17 


79 
26 


247 


248 


281 


293 


40 


44 


24 


24 


299 


328 


42 


42 


23 
64 


32 


827 


869 


109 


128 


82 



t • > • • • 



112 
132 
139 



883 
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THIRD TRIAL. 

The hogs used in the third trial were cross-bred Berk- 
shire-Yorkshires from registered sire and dam; their 
previous feed was corn meal, skim milk and shorts. They 
were divided into three lots of two each and fed under 
conditions similar in all resperts to those in the other trials. 



Table shoiviTig results of feedin/j cooked and uncooked and a mixture of 

cooked and uncooked feed to hogs. 

Lot I. 



Weight at beginning, Sept. 28 

Feed and gain, Period I (4 weeks) . . 
Feed and gain, Period II (4 weeks) 
Total 



Feed. 



CookM. 


Un- 
cooked. 


lbs. 


lbs. 


335 
343 




678 , 





Weight of Plars, 



2 



lbs. 
131 
41 
33 
74 



lbs. 
151 
39 
3-2 



71 J 



Total 
gain. 



lbs. 



SO 
65 



146 



Lot IL 



Weight at beginning, Sept. 28 

Feed and gain, Period I (4 weeks). . 

Feed and gain, Period II (4 weeks). 

Total 



S24 

364 



688 



143 

37 

38 



75 



182 

35 

31 



66 



72 
69 



141 



Lot in. 



Weight at beginning, Sept. 28 

Feed and gain, Period I (4 weeks) , 
Feed and gain, Period II (4 weeks) 
Total 







147 
37 
41 
78 


1 

127 

37 

31 


175 
196 


167 

i7r 


371 


344 


68 
1 



74 
72 



156 
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FOURTH trial. 

In this trial pigs 1 and 2 of each lot were Poland Chinas, 
the others Berkshires, all eligible to registry. Their 
previous feed had been corn meal, shorts, oil meal and 
skim milk. 

The feed during this trial consisted of two parts corn 
meal and one part shorts, the methods of preparation and 
feeding being similar to that of the preceding trials. In 
this trial only two lots were fed, one getting cooked feed 
and the other uncooked feed. The trial lasted ten weeks, 
with the following results : 

Table shormng results of feeding cooked and uncooked feed to pigs. 





Feed 


Weight 
of Lot I. 


Weight 
of Lot II. 




Cooked. 


Un- 
cooked. 


Cooked. 


Un- 
cooked. 


Weight at besrinDing, Nov. 1 

Feed and erain. Period I (A weeks"). 


lbs. 

1,155 

1,853 

696 


lbs. 

1,821 

1,467 

728 

8,516 


lbs. 

1,027 
268 
810 
146 


lbs. 

1,068 

• 


Feed and srain. Period H (4 weeks) 


858 


Feed and gain, Period III C2 weeks) 


144 






Total 


8.204 


724 


779 



Weight and gain of individual pigs. 





1 
lbs. 




8 


4 


5 


6 


7 


8 


8 


10 


Av. 


Lot I. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


Cooked Feed. 
























Wgt. at beginning . . 


105 


103 


99 


105 


97 


108 


102 


107 


93 


108 


102.7 


Gain 


73 


58 


76 


84 


90 


69 


72 


65 


57 


80 


71S*4 


Lot II. 




Uncooked Feed. 
























Wgt. at beginning.. 


107 


108 


106 


107 


92 


103 


128 


101 


108 


108 


106.8 


Gain 


64 


91 


100 


80 


78 


64 


73 


70 


81 


74 


77,8 
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FIFTH TRIAL. 

In this trial pig No. 1 of each lot was a cross-bred 
Poland China-Berkshire, the others full-blood Poland 
Chinas, eligible to registry. As in the last experiment the 
feed consisted of two parts of corn meal and one part 
shorts, all other conditions being similar to the previous 
experiments. This trial lasted but two periods of four 
weeks each. The following table gives the results: 

, Table showing result 8 of feeding cooked and uncooked feed to hog 8. 



Lot I. 





Food. 


Wkight of Pigs. 


Total 
gain. 




Cooked 


Un- 
cooked. 


1. 


3. 


2. 


4. 


Weight at beginning, Dec. Ist 

Food and gain, Per. I (4 weeks) 

Food and gain, Per. H (4 weeks) 


lbs. 

- • • • • • 

615 

677 


lbs. 


lbs. 

148 
35 
30 


lbs. 

124 

37 

31 


lbs. 

167 

ftl 

'42 


lbs. 

150 

43 

38 


lbs. 

166 
141 


Total 


1,292 


• • • • • ■ 


65 


€8 


93 


81 


307 



Lot 11. 



Weight at beginning, Dec. Ist 

Feed and gain, Per. I (4 weeks) . . . 

Feed and gain, Per. II (4 weeks), 

Total 



I 



623 
694.5 



1,317.5 



168 
39 
35 

74" 



135 
39 
36 



75 



155 
41 
35 I 



76 



147 
33 
40 

73 



J 



152 
146 



»98 



Let us next condense the results of these tables for the 
purpose of easier study. To do this we obtain the amount 
of food required for 100 lbs. gain live weight during each 
of the periods for the several trials. This result is shown 
in the following table : 
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Table showing amount of feed required for 100 lbs, increase, live weighty 
toith cooked or uncooked feed^ by periods of four weeks each, and for 
whole trial. 





Cooked Feed.'^ 


Uncooked Feed 


Part Cooked, 

Pakt Uncooked 

Feed. 




Av. for 
I)eriod. 


Av. for 

whole 

trial. 


Av. for 
period. 


Av. for 

whole 

trial. 


Av. for 
period. 


Av. for 

whole 

trial. 


First trial, Period I (4 weeks) 


lbs. 
815* 
514 
578 


lbs. 
44S 

418 


lbs. 
349* 

658 
481 


lbs. 
453 


lbs. 
312* 
545 
533 


lbs. 


First trial. Period II (4 weeks) 




First trial, Period HI (4 weeks) 








Average 




• ••,• ••■• 


• « • • • • 


445 


Second trial, Period I (4 weeks) 

Second trial. Period II (4 weeks) 


360 
384 
542 


444 
406 
467 


487 


441 
434 
151 

• • • ■ . • 

462 

518 

• • • » • • • 




Second trial, Period III (4 weeks) 




Average 






44 O 








Third trial. Period I (4 weeks) 


418 
528 


467 


450 
528 


488 




Third trial. Deriod II (4 weeks) 








Averafire 




459 








Fourth trial. Period I (4 weeks) 


481 
436 

477 


443 


468 
416 
506 








Fourth trial, Period II (2 weeks) 








Foiuth trial, P^jriod III (2 weeks) 










451 






Average 


• • • • • • 














Fifth trial, Period I (4 weeks) 


370 
480 


« • a ■ • 

421 


410 
476 








Fifth trial, Period II (i weeks) 










442 






Average 




• • ■ • • • 














General averages 




439 


454 




448 



* Exclusive of the skim milk fed in this i>eriod. 
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Our general average shows that for the whole five trials 
439 pounds of meal after cooking were required for 100 lbs. 
increase live weight, while 454 pounds of uncooked feed 
produced the same result. Here is a saving of 15 pounds 
of meal on 439 through cooking, or 3.4 per cent. For the 
three trials with part cooked and part uncooked feed the 
result was intermediate between the two just reported. 

The amount of food required for 100 lbs. gain in these 
trials was remarkably low, and the writer believes cannot 
be duplicated only under the most favorable circum- 
stances as to animals, feed and condition of feeding, and 
that not for long feeding periods. 

As a result of these trials we may say that under the 
most favorable conditions we have been able to secure, 
and with the greatest care in the preparation of the cooked 
feed, we were enabled to make a saving of 3.4 lbs. of meal for 
each 100 required when feeding cooked and uncooked meal to 
swine. With the number of pigs fed on an ordinary farm 
it would not be profitable to attempt such a saving; in 
very large establishments it might pay. 



IV . — Wheat as a Food for Fattening Hogs. 

The steadily falling market value of wheat for several 
years past has finally brought that grain to a position 
where it is a competitor with corn as a food for live stock. 
The following trials were conducted for the purpose of 
comparing the value of wheat with corn as a food for hogs. 
The wheat used in these experiments was No. 2 red winter 
wheat, carefully cleaned, and reduced to a meal by grind- 
ing. The corn used was No. 2 western corn, reduced to 
meal. In both cases the meal was made into a slop by 
mixing it with water just before feeding time. The pigs 
used in these trials were Berkshires, eligible to registry. 
The preliminary feeding trial, which is always a week with 
us unless otherwise noted, was here six days in duration. 
The following table shows the results of the first two trials: 
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Table showing the results of feeding wheat against com to hogs. 



Lot I— Wheat meal. 



Weight at beginning, March 12 
Feed and gain, first 6 weeks. . . . 
Feed and gain, second 5 weeks. 

Total feed and gain 



Feed 
eaten 


Weight of 


Pigs. 




" f 1 




1 
Lbs. 


2 

Lbs. 


8 


Lbs. 


Lbs. 




144 


95 


99 


603 


38 


37 


27 


472 


89 


31 


19 


975 






• • • • 



Total 
gain. 



8 



191 



Lot II— On€'7ialf wheat meal, one-half com meal. 



Weight at beginning, March 12 

Feed and gaio, first 5 weeks 

Feed and gain, second 5 weeks. 
Total feed aod gain 



521 

467 


111 
34 
27 


125 
43 
34 


111 
37 
22 


988 


• • • • 







114 
83 



197 



SECOND TRIAL. 



Lot I— Wheat meal. 



Weight at beginning, March 12 
Feed and gain, first 5 weeks. . . . 
Feed and gain, second 5 weeks 
Total feed and gain 



• • • > • • 

621 
583 


126 
43 
40 


101 
22 

28 


131 
39 
88 


1,054 















104 

106 

210 



Lot II— One-half wheat meal, one-half corn meal. 



Weight at beginning, March 12 

Feed and gain, first 5 weeks 

Feed and gain, second 6 weeks 
Total feed and gain 



621 

533 

1.054 


103 
40 
87 


118 
32 

28 


117 
43 
36 












116 
101 



216 



third trial. 

In the above table we note that in both cases a mixture 
of wheat and corn meal did better than wheat alone, though 
the difference was not very marked; this led us to devise 
the next experiment, in which there was a third lot of 
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pigs, these getting corn meal. By this means we can com- 
pare corn meal alone with wheat meal to note which has 
the higher feeding value, when fed separately, and also the 
results of using a mixture of the two meals. 

In this experiment Lot I received wheat meal. Lot II 
half wheat meal and half corn meal, and Lot III corn meal 
only. In all cases the meal was mixed with water to form 
a thick slop just before feeding time. Pig No. 1 in each 
lot was a Berkshire, the others Poland Chinas, all eligible 
to registry. Our experiment was divided into three periods 
of three weeks each. 

Table showing the results of feeding wheat meal, com meal and a mixture 

of wheat meal and com meal to hogs. 



Lot 1— Wheat meal. 



Weight at beginning, March 13 

Feed and gain, first three weeks 

Feed and gain, second three weeks. 

Feed and gain, third thaee weeks. . . 

Total feed and gain , 



Feed 
eaten 



Lbs. 



404 
418 
38t 



l.;i06 



Weight and 
Gain of Pigs. 



Lbs. 

262 
88 
26 
26 



Lbs. 

226 
29 
19 
15 



8 



Lbs. 

264 

SO 

26 

27 



Total 
gain. 



Lbs. 

• • • « • 

92 
71 
68 
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Lot II— One-half wheat meal, one-half com meal. 



Weight at beginning, March 13 

Feed and gain, first three weeks . . . 
Feed and gain, second three weeks 
Feed and gain, third three weeks . . 
Total feed and gain 





228 


267 


242 


404 


25 


87 


SO 


432 


19 


84 


81 


391 


26 


31 


27 


1,227 















92 
74 
84 



fd&O 



Lot III— Com meal. 



Weight at beginning. March 13 

Feed and gain, first three weeks . . . 
Feed and gain, second three weeks 
Feed and gain, third three weeks . 
Total feed and gain 





238 


235 


256 


404 


80 


33 


22 


484 


30 


30 


29 


374 


27 


18 


24 


1,212 






■ « • • • 



86 
89 
69 



»43 
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In order to better understand these tables let us ascertain 
the feed required for 100 lbs. of gain in each of the trials. 
This is as follows: 

Table showing the feed required for 100 lbs. of gain with wheat, with half 

wheat, half corn meal, and with corn meaL 





Wheat 
meal. 


'Half wheat 
meal, half 
corn meal. 


Corn 
meal. 


First trial 


Lbs. 
511 
502 
522 


Lbs. 
502 
488 
490 


Lbs. 


Second trial 

Third trial 


■ • • ■ • • 

499 






Average. . 


512 


498 


^99 



We note in every case in these trials that for 100 lbs. 
increase, live weight, more wheat meal was required than 
of the mixture half wheat meal and half corn meal. In the 
third trial the mixture of wheat meal and corn meal was 
more effective than either wheat meal or corn meal when 
these two were fed separately. 

These trials are too few m number to warrant any gen- 
eral conclusions, but they go to show that for fattening 
hogs wheat meal is^ not quite so valuable as corn meal, 
pound for pound, and that a mixture of wheat meal and 
corn meal is more efficient than either meal fed separately. 



y.— The Yalue of Pigeon-grass Seed for Swine Feeding. 

In the great spring- wheat region of the northwest pigeon- 
grass is a common weed in the wheat fields, and its seed 
often forms an appreciable part of the wheat crop. Often 
the wheat growers do not properly grade their wheat be- 
fore selling so that this seed finds its way to the mills and 
elevators where it is separated and accumulates in large 
quantities. In the effort to determine whether this seed 
was of value for pig feeding, a quantity was purchased in 
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the fall of 1893 from Hubbard & Palmer, millers, Man- 
kato, Minn., the price being $4.00 per ton at the mill. This 
low price shows that pigeon- grass seed is not very highly 
appreciated by the farmers in the sections where it grows. 
The seed was fed ground. In a preliminary trial it was 
found that the pigs did not like this material in the raw 
state and could only be induced to eat any considerable 
quantity of it when the ground seed was mixed with corn 
meal; this objection was quite largely overcome by cook- 
ing the seed. Accordingly we planned our experiment to 
feed one-third pigeon-grass seed meal and two-thirds corn 
meal, both uncooked, to one lot of pigs. To the next lot 
was fed about two- thirds cooked pigeon- grass seed meal 
with one-third uncooked corn meal, while the third lot, 
used as a check, received uncooked corn meal only. With 
the cooked pigeon-grass seed we could not feed in the 
exact proportibns stated, owing to the difficulties of meas- 
uring out the cooked feed in the proper proportions daily. 
Our figures give the exact amounts consumed in each case. 
The experiment was duplicated with a second lot of pigs 
under conditions similar to the first lot. The pigeon- grass 
seed meal was prepared by stirring the meal into a kettle 
of boiling water to which a little salt had been added, and 
continuing the boiling for fifteen minutes, the attendant 
carefully stirring the feed the whole time to prevent burn- 
ing. The hogs used in the first trial were Poland Chinas 
and those in the second Berkshires, all eligible to registry. 
The following table summarizes the results of the two 
trials : 
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Table showing the results of feeding cooked and uncooked pigeon grass 

seed meal with corn meal to hogs. 



Lot 1.— Cooked pigeon-grass seed nieal and com meal. 



9 


Feed Consumed. 


Weight of 


Pigs. 






Ck)rn 
meal. 


Pigeon-grass. 


1 


2 

Lbs. 
222 
50 


3 


Total 
gain. 




Ck>oked 


Un- 
cooked 




Weight at beginning, March 13 

Feed and gain (5 weeks) 


Lbs. 

• • • • ■ 

2or 


Lbs. 

• • • • 

513 


Lbs. 

• • • • 


Lbs. 
255 


Lbs. 
254 

50 


Lbs. • 
135 



Lot 1 1 — Uncooked pigeon-grass seed meal and corn meal^ 



Weight at beginning, March 13 
Feed and gain (5 weeks) 



■| 



401 



200 




110 



Lot HL—Corn meal. 



Weight at beginning, March 13 

Feed and gain (5 weeks) 



j 






246 
39 


231 
30 


239 
47 


601 


• . • • • • 


• • • ■ • 



116 



SECOND TRIAL. 



Lot L— Cooked pigeon-grass seed mecU and com meal. 



Weight at beginning. March 13. 
Feed and gain (5 weeks) 



• • • • • • 






219 


226 


249 


209 


452 




65 


38 


36 



Weight at beginning, March 13 
Feed and gain (5 weeks) 



• • « • 





• • • • • 




235 


236 


218 


255 




177 


23 


41 


27 



Lot III.— Corn meal. 



129 



Lot IL — Uncooked pigeon-gra,ss seed meal and com meal. 



91 



Weight at beginning, March 13 
Feed and gain (b weeks) 







• 4 . • • 


232 


258 


219 


598 


• • • * 




30 


45 


83 



108 



Reducing the above figures we get the following as the 
feed required for 100 lbs. increase, live weight, with the 
several lots: 
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Food for 100 lbs, increase^ live weight—average of two trials. 
Corn meal only 585 lbs. 

One* third uncooked pleeon-erass seed meal ) kaa ik« 

Twro-thlrdi corn meal f B60 IDS. 

Two-thtrds (about) plfi^eon- grass seed meal ) koo lua 

One-third corn meal J ^^i ins. 

The above shows that where two- thirds of the feed con- 
sisted of cooked pigeon-grass seed somewhat less of the 
mixture was required for a given increase than with corn 
meal alone, while where one-third uncooked pigeon-grass 
seed with two- thirds corn meal were used a larger amount 
of feed was required for a given increase. 

The above table shows that the best returns for feed was 
with the lots getting cooked pigeon-grass seed meal and 
corn meal ; that the lot getting uncooked pigeon-grass seed 
meal and corn meal gave the poorest returns, with corn 
meal intermediate. Let us next study the total feed con- 
sumption. If we add together the total meal consumed by 
pigs on the same kinds of feed we have the following : 



Lot I, both trials, cooked grass seed meal and com meal 

Lot II, both trials, corn raeal only 

Lot III, both trials, uncooked grass seed meal and com meal. 



Total feed 
eaten. 



1381 lbs. 
1101 lbs. 



Feed for 100 
lbs. gain. 



522 lbs. 
585 lb«. 



1033 lbs. , 566 lbs. 



The above shows in a most interesting way that the hogs 
consuming the largest amount of feed during the experi- 
ment gave the best returns for the food consumed, while 
those consuming the least food required the largest amount 
of feed for 100 pounds of increase, live weight. In all 
cases in these trials the hogs were fed all of the meal that 
they would consume, the troughs being cleaned up each 
feed time. It is evident from our figures that cooking the 
pigeon-grass seed meal made it more palatable and, pos- 
sibly, more digestible. 

Prom our preliminary investigations and these trials we 
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conclude that hogs will not take kindly to a feed where 
more than one- third of it consists of pigeon-grass seed 
meal, and that with a ration of one-third pigeon-grass seed 
meal and two- thirds corn meal somewhat more feed is re- 
quired for a given gain than with corn meal alone. When, 
however, the pigeon-grass seed meal is cooked, as much 
as two-thirds of the ration may consist of this material, 
and that when two-thirds of the ration is cooked pigeon- 
grass seed meal and the other third corn meal a gain may 
be produced with less pounds of the mixture than on corn 
meal alone. 

By comparing the results of these trials with those where 
wheat meal was fed to pigs it will be foulid that our pigeon- 
grass seed meal compares very favorably with that highly 
prized food article. 

These experiments are commended to the attention of 
those farmers who deliver their wheat to the elevators un- 
cleaned, and thereby receive a lower price for their wheat 
crop. 
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RAPE FOR FEEDING SHEEP. 



JOHN A. CRAIG. 

As the introduction and history- of this crop has been 
amply and ably treated in the publications of the United 
States Department of Agriculture, this report will be con- 
fined closely to our Station experience in growing this plant 
and feeding it to sheep. Our experience dates from the 
summer of 1891, and each succeeding year it has been tried 
with varying success. The first trial of the crop resulted 
in a fair growth, but just previous to the time that it could 
have been fed to sheep, the plant lice attacked it and in- 
jured it to such a degree that no experiment could be 
tried that year. Our flock of sheep were turned on it and 
they ate it though they did not relish it with the lice so 
numerous. We were unable to do anything to check the 
ravages of these insects, as they increased with wonderful 
rapidity during a few warm and dry days. 

The next trial resulted in an experience with the wrong 
variety of rape. There are several varieties of this plant, 
and with many others we grew, in 1892, a hybrid variety 
that was practically worthless as a fodder. It flowered 
and produced seed early in the first season which the true 
fodder rape does not do. The sheep were turned into it, 
but there was very little feed for them, as the leaves were 
small and the stalks large. 

The next year, 1893, rape was tried again and its value 
for fattening sheep was fairly tested. The piece that was 
grown was comparatively free from lice and those that were 
on it did not affect it to any noticeable extent. 

This summer, 1894, the crop was most satisfactory in 
every way. About two acres was experimented with in 
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the diiferent methods of growing the crop and feeding it 
to the best advantage. The results from the several years' 
experience tliat we have had with the crop are embodied 
in observations that follow. 

I. Culture of Rape. 

1. THE RAPE PLANT. 

The photographs of a typical rape plant and"the crop 
growing in the field which are shown herewith (Pigs. 1 and 
2) will convey^a correct impression o^thej^natureof^a plant 




lo. 1,-Rape Plant, ehowiDg growth of two mODths on Etalion farm. July to duguet, 1894.' 

of the Dwarf Essex variety. It is a member of the same 
family as the turnip and the radish, and has their peculiar 
taste, b ut it grows quite differently. It is like a turnip that 
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has grown altogether to top. The root is fibrous and has 
no resemblance whatever to the bulb of the turnip. The 
leaves grow large, thick and plentiful, and it is these that 
the sheep eat. 

The Composition of the Plant. — Analyses of the plant in a 
green state show it to contain a great deal of water. Mr. 
Woll found representative plants from the crop of this year 
to contain 88.2 per cent, water, and in an analysis made by 
Dr. Voelcker the percentage of water was 87. In the lat- 
ter analysis the flesh-forming or nitrogenous constituents 
were 8.1 per cent., the heat giving and fat-forming consti- 
tuents 8.2 per cent., and the ash 1.6 per cent. Prom its 
analysis it will be seen that in respect to its composition, 
the plant has no special commendation. The chief value 
of the crop lies in the. quickness of its growth, the amount 
of feed it produces, the facility with which it may be util- 
ized for she^p feeding, and the fact that the sheep are 
very fond it. 

Varieties of Rape, — There are a number of varieties of 
rape, and they each have a distinct use. Some are grown 
for the seed alone — they flower the year they are sown — 
and others of the fodder variety are vsed solely for feed- 
ing green; these do not produce seed until the second 
year. There are hybrid varieties between these, but the 
variety which is the best for feeding is the Dwarf Essex 
Fodder rape. As a provision against the possibility of 
sowing the wrong variety it may be well to state that the 
bird seed rape which is grown for its seed alone has 
smaller seeds than the fodder rape. Eighteen of them may 
be arranged on an inch line while only about fourteen of 
the fodder rape seed will extend over a similar length. 
The bird rape seeds are of various colors, brown, yellow, 
or tints of these, while those of the fodder variety are a 
uniform black. The taste of the bird seed rape is sharp 
like that of a radish, while the fodder rape seed is milder 
in flavor and slightly bitter. 

After the plants are out of the ground, therje is a mark- 
ed difference in the leaves. The second leaf of the fod- 
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der rape is like that of a Swedish turnip, being smooth, 
while those of the bird rape are hairy like the leaves of 
the young mustard plant. The bird rape grows a hard 
stalk which soon throws out flowering branches, and it is 
not long until the small clusters of yellow flowers appear. 
The fodder rape, on the other hand, grows large leaves 
and does not show any indication of flowering the first 
year. 

The use of the fodder variety is mainly confined to sheep 
feeding, though pigs are fond of it and cattle like it. 
Owing to the economical and easy manner in which the 
crop may be utilized by hurdling sheep on it, there is 
every reason for believing that the crop will continue to 
be considered one specially adapted to them. 

2. THE SOIL FOR THE RAPE. 

The first trial we made with rape was on soil that was 
light, friable, and somewhat sandy, without much vegetable ♦ 
matter. The rape made a moderate growth. The next 
year part of it was grown on soil that was still freer from 
organic matter and on this the crop was comparatively 
light, while in a lower piece, richer in vegetable mould, 
the yield was much better. The last trial was made on 
land that had never been broken before and the result was 
the best piece that we have ever grown. Our trials cor- 
roborate the general experience that soils rich in veget- 
able matter, that are warm and friable, will produce excel- 
lent crops. The plant is a rank grower and should have a 
soil enriched by heavy manuring as well as one worked to 
fine tilth. 

3. SOWING. 

The crops grown at the Station farm have been mostly 
drilled, and the drills were level and not raised. As to 
broadcasting or drilling no direct experiments have been 
made at our Station and we are not in a position to say 
which will give the most satisfaction for sheep feeding. 
When broadcasted the stalks do not seem to grow as large 



33 Eleventh Annual Report op the 

as in the drilled and they seem to be crisper. The drilling 
has a special advantage in that it may be cultivated while 
the crop is growing, and that helps it and also cleans the 
land. The crop has always been drilled level with us for 
the reason that ridgiDg does not seem to have any advan- 
tages where the main consideration is to tide the crop over 
a period of drouth. The seed was put in with a Planet 
Jr. drill. 

Tlie QuantitT/ of Seed, — The quantity of seed to sow de- 
pends somewhat on the conditions present in each case ; it 
has been our experience that it is best to sow heavier than 
has been generally recommended. The best results that 
have been so far obtained were secured by sowing at the 
rate of about 3 lbs. per acre in drills. When soy^n broad- 
cast from 3 to 4 lbs. will likely give the best growth. 

The Time to Sow. — The greatest certainty in getting a 
good catch and unchecked growth has been secured by 
sowing the seed at a favorable time during the third or 
fourth week in June. When the hot and dry season arrives, 
* the plants are sufficient matured to resist it and the crop 
is ready to feed at a season when it is most needed. It 
would be advisable to sow several pieces two weeks apart 
and in this way a continuously supply of good feed can be 
obtained. When sown in June the rape will have to be fed 
during August, though if the first crop were cut about 
four inches from the ground there would be an aftermath 
or second growth that would be useful after that time. 
For the breeding flock a piece should be sown early in 
June, but for fattening lambs it must be sown about the 
first week in July with some even later, and the chances 
taken on it withstanding the drouth. 

Sowing The Seed With Other Crops, — The practice of sow- 
ing with other crops has been tried with varying success. 
Sowing it with oats has been stated by those who have 
tried it to be satisfactory. After the oats are cut the rape 
grows rapidly. Broadcasting it ^in the corn after the last 
cultivation has been recommended, but our experience of 
this method has not been such as to lead us to commend 
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the plan. The rape does not make much growth while the 
corn is standing and the time of the removal of the latter 
is so late that the rape does not have time to grow sufficient- 
ly to make satisfactory fall feed. 

II. Harvesting the Rape. 

As far as we know the only two practical methods of 
utilizing the rape crop for sheep feeding are employed 
when the crop is in a green condition. They consist in 
either cutting it and feeding it to the sheep or turning 
the sheep on a piece of it and allowing them to eat it as they 
desire it. It is easy and desirable to adopt the first method 
in the instance of the breeding flock for the ewes and rams 
and possibly for the lambs; but for fattening sheep allow- 
ing them to feed it off is safe, economical, and in no way 
troublesome. 

Gutting the Rape. — This summer half an acre of good rape 
was measured off with the purpose in view of cutting it 
and feeding it to the breeding flock. The rape was cut 
daily as needed and fed twice each day to all the breeding 
ewes. The ewes were kept most of the time on a small 
piece of pasture, and the rape was cut and thrown over 
the hurdle to them. The rams were fed mostly once a day, 
and the same course was adopted in the instance of the 
ewe lambs. On August 16th the rape was first fed and cut 
and at that time there were 62 ewes, 26 ewe lambs and 5 
rams receiving it in the manner described. The sheep were 
given from 300 to 350 lbs. daily with no grain and a small 
amount of pasture in addition. These figures afford the 
means of forming an indefinite idea of the amount of food 
there was in the half acre for the sheep; a more accurate 
estimate can be made from the weight of rape that was 
cut from the piece. 

The Amount Gut from a Half Acre. — The first cutting was 
done on August 16th and continued until September 17th, 
just about one month. The rape could have been cut 
quicker, but it was delayed so as to get as much feed as 
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possible for the breeding ewes. Prom the half acre there 
•was cut 9.75 tons of green rape, or it yielded at the rate 
of 19.5 tons per acre. 

The rape was cut as close to the ground as possible and 
notwithstanding this, it soon began to send out a second 
growth. This was also cut and fed, but owing to the late- 
ness of the season, it was not considered worth the trouble 
to cut it carefully enough to weigh it. If the rape had 
been cut earlier, the second growth would have supplied 
considerable feed, though it would not likely be as nutri- 
tive as the first cutting. 

Different Methods of Gutting. — A trial was made in a small 
way of cutting the rape in different ways. Twenty rows, 
fifty feet long and thirty inches apart, that had been sown 
June 18th were selected. When the rape had grown suffi- 
ciently to be ready for the first cutting (August 29th), five 
of these rows had the leaves twisted off the stalks eight 
inches from the ground. At the same time five other rows 
were cut eight inches from the ground, five more four 
inches from the ground, and the remaining five were cut as 
close to the ground as possible. 

On the 29fch of September, one month from the first cut- 
ting, the rows that had been twisted as well as those that 
had been cut eight inches from the ground, were ready to 
be treated in the same way again. This was done, while 
the other two of the series were left undisturbed. On No- 
vember 8th all the rows were cut close to the ground so 
that the yield from each method could be compared. 

The results obtained were as follows: 



Method of Treatment. 



Five row twisted 8 inches from ground. 

Five rows cut 8 inches from ground 

Five rows cut 4 inches from ground 

Five rows cut close to ground 



Amount 
Aug, 89. 


Amount 
Sept. 29. 


Amount 
Nov. 8. 


Lbs. 


Lbs. 


Lbs 


253 


167J4 


15»H 


278 


m\i 


16^ 


293 


(not cut) 


«1« 


843 


(not out) 


296 



Total. 



Lbs 

6699^ 
688 
724^ 
689 
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These rows were carefully selected and the results are 
-trustworthy and suggestive as far as they go, but as they 
are the outcome of only one test they cannot be accepted 
as conclusive. 

Comparing the* practice of twisting off the stalks with 
the cutting, the results are in favor of the latter; also in 
respect to the despatch with which the* work maybe done the 
cutting has the advantage. It was noticed that the sprout- 
ing of the new shoots from the stalks treated in these ways 
was quite different. Those that had been twisted made a 
scattered and open growth, while those that had been cut 
sent out a great many small shoots that formed a close, 
compact head. A comparison of the two methods, cutting 
four inches from the ground and cutting close to the 
ground, shows a very decided advantage from cutting the 
stalk four inches above the ground. A difference of 85^ 
lbs. on a small piece of rape — about one one-hundredths of 
an acre — would make an appreciable difference when ap- 
plied to an acre. 

It may be interesting to note, though it is hardly legiti- 
mate to do so owing to the small amount tried, that the 
two cuttings four inches from the ground yielded at the 
rate of 36 tons per acre. Even if that is close to 90 per 
cent, water, it represents a large amount of feed for sheep. 
This rape, when cut, had not made quite as good growth 
as the rest of the field that was being cut and fed to the 
ewes, so that the large amount of fodder obtained must be 
credited to the treatment and not to an exceptional crop. 

IIL — Fattening Lambs on Rape. 

When lambs are being fattened on rape it is customary 
to use hurdles or movable fencing. By this means the 
lambs may be given definite areas of fresh rape at fre- 
quent intervals. Although there is not much danger when 
the lambs are turned into the field to eat it at will, yet 
it is much the safer method to limit the quantity they shall 
receive. 
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There is some danger from bloating and to prevent this 
the best means is to provide hurdles. The area that should 
be given the sheep depends entirely on the number that is 
to be fed, but after one or two trials of small pieces the 
feeder can generally tell how much they should be given. 

A Cheap and Useful Hurdle, — ^The hurdle appearing in the 
sketch, Pig. 4, is in general use for this purpose and has 
been employed on our station farm for some years past; 
it has given good satisfaction for sheep fencing and for 
pig paddocks. The material used for the hurdles is one- 
inch pine or hemlock. The lower piece in the panel is six 
inches wide, the rest are four. The panels are 12 ft. long 
and 3 ft. 2 in. in height; the pieces into which the panels 
fit are 4 feet high and 3 feet 6 inches wide at the base, and 
the ends meet so as to form an equilateral triangle. In 
erecting the fence the ends of the panel fit into the 
notches in the end pieces. 

1. FIRST TRIAL OP RAPE FOR FATTENING LAMBS. 

On October 13th, 1893, sixteen wethers, eight of which 
had been shorn and the remaining eight unshorn, were 
hurdled on seven-tenths of an acre. The week previous 
to this the wethers had been on a poor piece of rape and 
had received oats and pasture in addition. When the feed- 
ing started, October 13th, the lambs were getting ^ lb. of 
oats per head daily. After a week's feeding on this the 
grain ration was changed to one-half corn and one-half 
oats, by weight, and this mixture was continued until the 
sheep were taken off the rape. About one-half pound per 
head of this mixture was fed daily. The wethers had, in 
addition to the three-quarters acre of rape, a very small 
strip of waste pasture, too small to be worth calculating. 

Food Eaten and Gain Made, — At the end of twenty -five days, 
ending November 7th, the sixteen wethers had eaten the 
seven- tenths of an acre of rape. They had also eaten in 
that time 153^ lbs. of oats and 97^ lbs. of corn. 

When the wethers were put on the rape October 13th 
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they weighed a total of 1,260 lbs., and when they were 
taken off, November 7th, they weighed 1,409 lbs.; i. e., a 
gain of 149 lbs. in 25 days, or a weekly gain of 2.6 lbs. per 
head. 

Considering the trial as a commercial transaction, the 
oats may be charged at $18.00 per ton or .9 cents per lb., 
and the corn at $15.00 per ton or .76 cents per lb., making 
the cost of the grain $2.12. Valuing the wethers at 3i 
cents per lb., their actual cost when put on the rape, and 
4 cents per lb. at the end. of the trial, which price they 
brought in the local market; the seven-tenths of an acre 
was worth about $10.14, or at the rate of $14.48 per acre. 

2. SECOND TRIAL OF RA.PE FOR FATTENING LAMBS. 

On August 15th, 1894, a piece of rape exactly one-half acre 
was measured, and 22 wethers were turned into it. One 
died shortly afterwards from inflammation of the lungs due 
to exposure, leaving the number twenty -one. The rape 
had been sown June 18th, at the rate of 3 lbs. per acre in 
drills 30 inches apart, and had received two cultivations 
July 3rd and 9th. In addition to the rape the wethers 
were given daily an hour 's feeding on ordinary blue grass 
pasture. For first four weeks they received ground wheat 
as a grain ration. At the end of that time the ration was 
made 2 parts ground wheat and 1 part oats, and this was 
continued for five more weeks. During the remaining or 
last week the grain mixture consisted of 1 part oats, 1 
part wheat and 1 part oil meal by weight. The amount 
of grain fed per head daily Was about one-half pound at 
the beginning and about one and one-half pounds at the 
end of the ten weeks. 

Gain in Weight. — At the end of the ten weeks the twenty- 
one wethers had eaten the one-half acre of rape. When 
put on it they weighed a total of 1622 lbs. and when taken 
off a total of 2035^ lbs. or total gain in ten weeks of 413^ 
lbs. which amounts to within a small fraction of 2 lbs. per 
head per week. 
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It is important to observe that the first five weeks of 
feeding was carried on during the hottest and driest 
period of the year. Another consideration of equal im- 
portance is the fact that the 'lambs had just been weaned 
from their dams. To understand the influence of these two 
things, if we divide the total period of ten weeks into two 
periods of five each, we find that during the first period 
the lambs gained only 1.08^ lbs, or about one pound per 
head weekly; while during the second period of five weeks, 
they gained 307 lbs. which is within one -tenth of 3 lbs. 
per head weekly. 

They received about two-thirds more grain during the 
second period than they did during the first, but un- 
doubtedlo one of the chief influences bringing about this 
difference was the condition before mentioned. 

TAe Valice of the Rape, — Valuing the wheat that the 
lambs ate at 50 cents per bushel or $16.60 per ton, and 
the oats at $18.00 per ton and oil meal at 125.00 per ton, 
the cost of grain food amounts to $12.46. If the wethers 
are valued at 3 cents per lb. when they were put on they 
would cost with their feed $61.12, and valuing them at 
3^^ cents per lb when taken off there would be a balance 
of $10.12 cents for the half acre or at the rate of $20.24 
for an acre. 

It will be interesting to know that the half acre that was 
fed to the wethers was separated from the half acre that 
was cut only by hurdles, and that the two pieces were 
similar in all respects as far as we could discern. The half 
acre that was cut yielded 9f tons, so that it is a fair es- 
timate to say that this amount of rape and 1,439.8 lbs, of 
grain produced 413|^ lbs. of mutton. 

3. THIRD TRIAL. OE RAPE FOR FATTENING LAMBS. 

When the wethers that were used in the second trial had 
completely eaten the rape on the half acre, they were put 
on a small piece that had been sown broadcast at the rate 
of 4 lbs, per acre oa July 6th. Owing to the exceptionally 
dry season the rape seed lay dormant in the soil much 



40 Eleventh Annual. Report op the 

longer than usual, and when the plants did appear above 
the ground the exceptionally hot and dry season checked 
its growth for several weeks. It was not until October 
24th that the rape was in condition to feed. A small piece 
containing one -tenth of an acre was measured. Jjt had 
made but a very moderate growth compared with that 
which had been drilled two weeks earlier. 

The Grain Eaten and Grain Made, — The twenty- one wethers 
were hurdled on this for two weeks beginning October 
24th and extending to November 7th. They had in ad- 
dition the run of a pasture field for a short while each 
morning and were also fed a grain mixture consisting 
of ground wheat, oats and oil meal, of which one part of 
each by weight was fed. During, the two weeks the twen- 
ty-one wethers ate 160 lbs. ground wheat, 160 lbs. oats, and 
160 lbs. oil meal, making a total of 480 lbs. or 1.6 lbs. of 
grain per head daily, costing a total of $4.72. 

When the wethers were first hurdled on this pasture 
they weighed a total of 2,035^^ lbs. and when they had com- 
pletly eaten it two weeks later they weighed 2177^ lbs. a 
gain of 142 lbs. or a weeky gain per head of 3.3 lbs. This 
high rate of gain was undoubtledly largely contributed to 
by the heavy grain feeding of the wethers, the pasture 
they received and in some degree to their previous man- 
agement. It is an indication of the gain that can be 
made from rape feeding under favorable circumstances. 

4. PRECAUTIONS NECESSARY IN FEEDING RAPE. 

When the sheep are hurdled on rape there are two dan- 
gers to guard against, namely, bloating and diarrhoea. When 
first turned in it the sheep are apt to eat too much and as a 
consequence it causes bloating. The best way during the 
first week of feeding is to only allow the sheep on the 
rape for three or four hours daily and then under watch. 
For bloating a good remedy is liquid ammonia, one teaspoon- 
ful, in three times as much water. This should be n^peated 
every hour or so until the swelling has become reduced. In 
cases so severe as to require instant treatment, the trocar and 
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canula should be used. This is an instrument like an awl 
with a tube covering it; when it is inserted into the high- 
est point of swelling on the left side the tube may be left 
communicating with the stomach and tjirough it the gas 
escapes. It should not be used, however, until the trouble 
has advanced so for as to place the life of the sheep in 
immediate danger. 

The wethers should have a piece of pasture adjoining 
the rape field and on it they should be allowed to graze at 
will. If this arrangement is not possible they should be 
turned into a pasture field for an hour or so each morning 
before going on the rape. This will be found to check 
any diarrhoea or scouring that may have started and pre- 
vent^it from again occurring. 
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BREEDING EARLY LAMBS. 



JOHN A. CRAIG. 



In the first week of June, 1891, the writer instituted 
some experiments for the purpose of testing the methods 
recommended to induce breeding ewes to take the ram 
earlier than the customary time so as to have lambs to dis- 
pose of early in the winter. Twenty-six Shropshire grade 
ewes were experimented with. Flushing the ewes was given 
a thorough trial. For five days the ewes were kept in dry 
hay, and after that for a period of four weeks they were 
fed green clover in abundance. This method was unsuc- 
cessful. For two weeks in July the ewes were again put 
on dry feed, consisting of oat -straw, and then for two 
weeks more they were fed green clover. This trial 
was also unsuccessful. Driving the ewes on the road each 
day for a week was tried also without results. As the cold 
weather of fall is the usual forecast of the breeding 
season it was thought that keeping them in a cold build- 
ing would produce the desired results. The average tem- 
perature of the building was made to be 55^ Fahr. After 
two weeks under such conditions the experiments were 
abandoQed. 

Believing that nothing could be accomplished by these 
methods attention was directed towards the Dorset 
breed of sheep. The pure-bred Dorset ewes in the Station 
flock had shown that they possessed the characteristic 
common to the Dorset of breeding at any time when not 
pregnant. It was this that led us to investigate the ques- 
tion whether or not a pure-bred Dorset ram would trans- 
mit this feature to his get in the first cross. 
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ewes selected as foundation stock. 

For this purpose nine grade Shropshire ewes were bred 
to an imported Dorset ram. They included few of those 
that had been in the trials previously mentioned, so that 
there was no likelihood of their possessing the character- 
istics that we hoped to secure through the use of the 
Dorset. 

The ewes (Fig. 6) were the result of about ten years' 
breeding on a Merino foundation with Shropshire rams. 
The photograph from life which is presented here with 
shows the ewes to be of common type, in no way remark- 
able for fleece or form. They had proven to be good 
breeders and had reared good lambs during the time they 
had been in the flock, but aside from that and their use- 
fulness they possessed no merit that call for special men- 
tion. The ewes all had full mouths at the time they were 
bred, and nothing further than that is known as to their 
age, as they were purchased and not bred on the Station 
farm. 

The first weights we have of these nine ewes include 
those of five of them that were four or five years old, the 
others were aged. 

1891, July28tb, nine averaged 116 lbs. in live weight. 
1893, Nov. 23d, three averaged 156 lbs. in live weight. 
1891, Nov. 15th, two averaged 184.5 lbs. in live weight. 

The wool on these ewes would mostly class as medium 
combing, though some of it would grade as coarse comb- 
ing. The fibre is coarser than that of the average Shrop- 
shire grade, but it is similar in length and strength. The 
fleeces of most of them are faulty in being so open, due 
principally to the need of density and not because of any 
lack of thrift. 

1892, May, the nine ewes averaged 7.5 lbs. unwashed wool. 

1893, Aprii and Ma}', three ewes averaged 8.8 lbs. unwashed wool. 

1894, April, three ewes averaged 8.5 lbs. unwashed wool. 
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THE DORSET USED AS A CROSS. 

The ram used (See Fig. 7) on these ewes Tvas purchased 
in Canada, and bad been bred in Somersetshire, England, by 
CuIvGrwell Bros, This ram is a satisfaciory repiesentative 
of the best type of this breed, as may be observed in the 
photograph which shows the ram in rough field coEdition. 



To. 7.— Pure bred sad Imparted Dorset. Ram. St. Cuthb<>rt. £074 D. H. B. Lambed FsbruaiT, 
1890. Brad bi CulTerwell BroB., Bridjrewaler, r — '— -■ >"-■->•■ "— •■"- ■■">• ■"'">- •■™'- 
age weight of unwashed wool !liorD, (8 yeara5 8. 



I bi CulTerwell BfoB.j^ Bridjrewaler, EnEland. Weight, Not. IBth, ItW, 28SlbB. Atbt- 



He is better than the general average of the breed in the 
quality and density of the fleece and in the absence of any 
roughness or coarseness in form. The ram shows the evi- 
dence of a robust constitution. He is deep and wide 
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chested, round ribbed, and altogether a sheep of sturdy- 
type. The fault in the form of the sheep is a narrowness 
of the hind quarter. The wool is exceptionally fine for a 
sheep of this breed, and it has the other very desirable 
quality of being dense. There is not that coarseness of 
horn and bone that is oftentimes observable in those of 
this breed. As this ram was never fed beyond a condi- 
tion desirable for breeding purposes, the weights are 
those that have been taken when the sheep was only in 
light condition. 

1893, Jan. 4tli, when within 1 month of 3 years old, 242 lbs. 

1894, Nov. 15th, when about 4 years old, 266 lbs. 

The wool of this sheep is comparatively fine in fibre and 
also bright and soft. The fineness is retained over all 
parts with the exception of a slight tendency to hairiness 
on the thighs. The wool would class as medium combing 
on the market. The fleece is dense, and as the fibre is 
about three inches long it is clear that the lightness of the 
fleece is attributable to the absence of yolk. 

1892 and 1893, ayerage 6.1 lbs. unwashed wool. 
1894, April, weight of fleece, 7 lbs. unwashed wool. 

THE FIRST CROSS DORSET DOWNS. 

The first lambs sired by this ram and out of the ewes 
previously described were dropped mostly in March, 1892. 
There were only two ewes that lambed after that month. 
There was one instance of triplets, six of twins and two of 
singles, or seventeen lambs from nine ewes. The wethers 
being sold, there were nine ewe lambs remaining. The 
ewes shown in the frontispiece are all that are at present 
in the flock. They were two years and seven months old 
when the photograph was taken. 

These Dorset Down ewes (frontispiece) show in form and 
features many of the qualities of their ancestors. On the 
whole the Dorset ram has had most influence in determin- 
ing their qualities. With the photograph to refer to it is 
hardly necessary for us to say that these ewes are of ex- 
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cellent mutton form and possess valuable merits in addi- 
tion to having tbe desirable characteristics o£ breeding in 
time to drop early winter lambs. The ewes are of medium 
size compared with most mutton sheep, but aie very symmet- 
rical and compact, as their weights indicate. They are short 
legged and are uspecially rouod-bodied.and closely knit in 
frame. Only two of the ewes have horns of any size. The 
color of the faces and legs of most of them is pure wh ile 
■while other* show varying shades of brown 



Fio, 8,— Puro b™d kDil Impirted 
flock lor coapkrtBOiiwltli Ibe era 
ID18W. 

The first weights were taken at the time they went into 
winter quarters when they were about a year and eight 
months old. At this time three of them had lambed, three 
were in lamb, and three had been served a few weeks 
previous. 

IMS, Not. SSi, olne > 
IBM. Not. ISIh, aeTc 

The wool would class as medium combing in tbe market. 
It is bright, soft and strong. The fleeces on the ewes are 
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dense, and most of them are covered with wool 
Three fleeces from these sheep were sent to the 
World's Fair with several others, and as an award 
was obtained on these it will be interesting to give 
the score of the judge, Mr. Charles F. Avery. The 
full score allowed for density was 16 points; two of these 
fleeces obtained 15 and the other 14.8 points. For even- 
ness and fullness of covering 20 points were allowed, and 
these fleeces scored 18.9, 18.2 and 18.2 respectively. 
Brightness and softness on the official score were allowed 
14 points. One fleece scored 13.5 and the other two 13 
points. For character and fineness 16 points were allowed, 
and the fleeces all obtained full marks on this. Strength 
and elasticity included 14 points, and two of the fleeces 
scored 12.1 and the other 12.8 points. For evenness of 
quality of wool all over 20 marks were allowed and two of 
these fleeces obtained 19 points and the other 18.9 points. 
The total number of points obtained was 100, and of that 
number one fleece scored 94.9 points and the other two 
each 93.3 points. These scorings by an expert judge will 
give a sati sf actory idea of the quality of the wool. They 
cannot, however, give any impression of the most valuable 
character of the fleeces of many of them, for the reason 
that the density cannot be indicated. The average weights 
of the fleeces have been as follows: 

1898, April, the nine shearlings averaged 7.1 lbs. unwashed wool. 
1894, April, the eight ewes averaged 10.8 lbs. unwashed wool. 

BREEDING THE FIRST CROSS DORSET DOWN EWES. 

When these ewes were about one year and four months 
old June 16th, 1893, they were put in a small field 
having three or four acres of pasture and the Dorset ram 
before described was Jtllowed to run with them. The ewes 
were not fed anything in addition to the pasturage they 
received. A ewe was bred on June 2i2d, the first to be 
served and by the 9th of July they had all been bred for 
the first time. Three of the ewes were served the second 
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time, and the three others were bred at the regular fall 
season, as they did not become pregnant at the same time 
as the others. The ram was allowed to run with the ewes 
the most of the time. They had to be separated after a 
time, as tlie intense heat and exertion made it necessary to 
give the ram better care and feed than the ewes were re- 
ceiving. 

the winter lambs. 

On the 16th of November the first lamb arrived, the ewe 
giving birth to a single ewe lamb. On the 18th of the 
same month another ewe lambed, dropping twins, of which 
one died owing to weakness. Another ewe lambed Nov. 
24th, giving birth to twins, and both are living. The next 
ewe to lamb dropped a single lamb on December 21st. A 
premature birth occurred in the instance of one of the 
ewes considered to be due to an injury received while run- 
ning in a rough pasture field. Three of the ewes about 
the latter part of October were bred again as they had not 
become in lamb in June as was inferred from the fact that 
they had passed several periods. As they were carefully 
watched and the ram with them most of the time, it is in- 
explainable why they passed over the time they did with- 
out giving evidence of not being in lamb. 

No special preparation was made for the winter lambs 
in the way of warm quarters. The ewes lambed in pens 
that had been constructed with the object of securing as 
much warmth as possible so as to make comfortable quar- 
ters for ewes when lambing in the early spring. As soon 
as the lambs were about a week old they were put in pens 
with their dams, and their quarters were made as dry and 
warm as possible. It is necessary to have quarters special- 
ly warm and dry for the lambs if they are to make satis- 
factory growth. 

These lambs show the Dorset traits very strongly as 
would be expected from the fact that they are second cross 
Dorsets. In addition the four first cross Dorset Down ewes 
were bred to their own sire. This was done because there 
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■were only a few of tbnse ewes to breed, and it would hard- 
ly have been advisable to hare purchased another ram 
specially for them. The lambs all had horns and were all 
pure ■white, ■with the exception of one that was mostly 
black over the body -with a few white spots. As there 
were only two ■wether lambs to be sold they were not 
prepared for market other than to give them ordinary care. 
When they were about three months old they each weighed 
65 lbs, live weight. The other lambs were retained in the 
flock for breeding purposes and when two of the ewe lambs 
were weighed Nov. 15th, 1894, they weighed 109 lbs. They 
did not make as satisfactory growth as those that had 
been dropped the succeeding spring. One of the Iambs 
with its dam is shown in Pig. 9. 



Fin. fl.— Dorwt Down Winter Lamb, Photoi 
Donet-Don D, and cbe lamb a aecond ciou DorH 
old when phutogniphed. 
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The chief point of the experiment up to this time, lies 
in the fact that the characteristics of the Dorset to breed 
fully three months earlier than other breeds is transmis- 
sible through the male line to the first cross. This sug- 
gests an economical and commendable method of establish- 
ing a flock for breeding early lambs. 

It has been inquired whether these ewes would breed 
twice a year similar to the Dorsets. This has not been 
actually determined, though it would seem that they would 
breed at any time when not already in lamb. It is very 
doubtful if it would be advisable to breed ewes twice a 
year even where the conditions are made as favorable as 
possible for the ewes. It might be done with success when 
the lambs are taken from the ewes when they are thirty 
or forty days old and the ewes fed well, but that implies 
conditions of market and management that . are far in the 
fore of those that exist in our best sheep farming" districts. 
The rearing of one crop of winter lambs is in itself a com- 
paratively new industry in America, and though it has de- 
veloped into a profitable feature of the sheep market in 
the large cities in the eastern states it has no pronounced 
recognition as yet in the markets of the western cities. 

DORSET DOWN SPRING LAMBS. 

In the fall of 1893 nine Shropshire grade ewes were 
again bred to the Dorset ram St. Cuthbert. These ewes 
are shown the photograph and the lambs from them this 
spring are shown in another. Three of the ewes were in- 
cluded in those that had been bred to the Dorset the year 
previous. It mill be seen that these ewes are of a grade 
common to flocks that have had a Shropshire ram at their 
head for a few 3^ears. 

From these nine ewes thirteen lambs were dropped. 
There is nothing of special importance to record at this 
time in reference to these lambs further than to say that 
they have made exceptional growth and that they promise 
to surpass the aged ewes of this breeding that are already 
in our flock. The lambs were dropped mostly in March, 
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and when weighed Nov. 15th, 1894, then about eight 
months old, the average weight of eleven of them was 120^ 
lbs. The heaviest weighed 143^ lbs. and the lightest 98 
lbs. It will be seen in the photographs (Figs. 10 and 11) 
that these are of exceptionally good mutton form and that 
there is reason to believe that they will develop into sheep 
of more than ordinary merit. 
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FALL SHEARING LAMBS BEFORE FATTENING. 



JOHN A. CRAIG. 

The experimental work done in this direction extends 
over four expriments, two of which have been already- 
reported. The chief variation in the experiments of each 
year consisted in changing the time the fall shearing was 
-done. The differences have been as follows : 

First experiments: Lot I, shorn December 12th, 1890: Lot II, left unshorn. 
Second exp4>rimeat: Lot I, shorn No\rember 4th, 1891: Lot 11, left unshorn. 
Third experiment: Lot I, shorn October 14th, 189'^: Lot II, left unshorn. 
Fourth experiment: Lot I, shorn October €th, 1893: Lot II, left unshorn. 

I. FIRST FXPERIMENT: SHEARING IN DECEMBER. 

As the account of this experiment appears in full in the 
Eighth Annual Keport it will not be necessary to discuss 
it here further than to say that there was nothing gained 
by shearing the wethers in December; for those shorn at 
that time and again when the fattening was completed 
sheared in both clippings a total of about two pounds less 
washed wool than those that had been left unshorn in 
December, and in addition the latter made two and seven- 
tenths pounds more total gain than the wethers that were 
fall shorn- the cost of 100 lbs. of gain was $4.70 in the fall 
.shorn and only $4.40 in the instance of the unshorn. 

2. SECOND EXPERIMENT: SHEARING IN NOVEMBER. 

Results of the experiment in November shearing is given 
in the Ninth Annual Report of this Station. Some Slight 
■advantage followed from shearing at that time. The 
^wethers that were shorn in the fall made a total of 7 
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pounds more gain than those that were left unshorn. 
The cost of the gain in the instance of the latter was$i.l7, 
as against $4.44 in the instance of the fall shorn sheep. 

The chief point to be observed in this trial was that the 
removal of the fleeces at that time has a favorable in- 
fluence on the rapidity with which the sheep fattened. 
During the first eight weeks of the experiment the three 
shorn wethers gained 17.5 lbs more than the unshorn in 
the same time. During the second eight weeks or last 
half of tlie experiment they made a total of 10.5 lbs. less 
gain than the unshorn. In the first eight weeks the shorn 
wethers ate 101.75 lbs. more fodder, 9.75 lbs. more grain 
and 117 lbs. more roots than the unshorn, and during the 
second eight weeks or last half of the experiment they 
ate 32.75 lbs. more fodder, 10.75 lbs. more grain and the 
same quantity of roots. Prom these figures it will be 
seen that the shorn wethers made their greatest and most 
economical gain in comparison with the unshorn wethers 
during the first half of the experiment. 

3. THIRD EXPERIMENT: SHEARING IN OCTOBER. 

In the third experiment the shearing was done October 
14th. As this experiment has not been previously re- 
ported it will be necessary to add fuller details than those 
given, in the proceding. 

Ten grade Shropshire wethers were divided into Lots I 
and II, weighing at this time 404.5 and 401 lbs. respect- 
ively. Lot I was shorn Oct. 14th, and Lot II was left un- 
shorn. As it was too early in the season to begin shed 
feeding, the wethers were pastured in the same field and 
not given any grain until shed feeding began on Nov. 11th. 

The ration fed to both lots when the shed feeding was 
started consisted of mixed hay, rutabagas and grain. The 
hay was not cut, roots were pulped and the grain was fed 
whole. During the first five weeks the grain consisted of 
whole oats; then it was changed to three part oats and 
one part whole corn by weight, and so continued for two 
weeks; a change was then made to two parts oats and one 
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part corn by weight aud this grain mixture was fed for 
two weeks. Prom this time until the conclusion of the 
experiment, an interval of six weeks, the grain mixture 
consisted of two parts whole oats, one part whole corn, 
and one part oilmeal, by weight. 

In estimating the cost of rations, the following average 
market prices for our state have been used: Mixed hay 
$8 per ton, rutabagas $2 per ton, oats $18 per ton, corn 
$15.20 per ton, and oilmeal $25 per ton. 

One pound samples from all of the fleeces were washed 
with soap in water at a temperature of 120^ Fahr. to de- 
termine the difference in the amounts of yolk in the 
fleeces. 

Table of results from experiment in fall shearing^ October 14th. 



Weight Nov. 11, Fhed feeding started.. , 

Weight Feb. 24, shed feeding ended 

Gain in 15 weeks 

Average weekly gain per head 

Total quantity of unwashed wool shorn 
Total quantity of washed wool shoru .. 

Per cent, shrinkage in scouring 

Per cent, shrinkage in fail shearing 

Per cent, shrinkage of spring shearing. . 

Hay eaten 

Rutabagas 

Oats 

Com 

OUmeal 

Cost of food 

Cost of ; 100 lbs. gain 



lX)tI. 



Lot n. 



6 wethers B wethers 
fall shorn unshorn 



lis. 
405 
680.5 
225 5 
3 
35.1 

23.3 

85 

44 

26 

907.25 
601.25 
694 
209.9 
132 9 
$13.79 

16.11 



lbs. 
424 5 
635 
210.5 
2.8 

33.9 

20.1 

41 



902.25 
607.25 
728.35 
225.05 

140.5 

$14.09 
$6.67 



DiFPKRBNCB IN 

Favor of 



Fall 
shorn. 



lbs. 



15 

.2 
1.2 
3.2 
6 



8 

34.35 
15.1 

7.6 
.30 
.56 



Un- 
shorn. 



lbs. 
19.5 
4.6 



1. The. daily ration of each fall shorn whether in Lot I 
was 1.72 lbs. of hay, 1.15 lbs. of rutabagas and 1.97 lbs. of 
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grain mixture consisting of oats, shelled corn and oilmeal 
costing 2.62 cents for each sheep daily, the daily gain per 
head was .42 of a pound. In the period of fifteen weeks 
the lot of five gained 225.5 lbs. 

2. The daily ration of each sheep left unshorn in Lot 11 
was 1.71 lbs. hay, 1.15 lbs. rutabagas and 2.8 lbs. of grain 
mixture consisting of oats, corn, and oilmeal costing 2.68 
cents for each sheep daily; the daily gain per head was .40 
of a lb. In the period of fifteen weeks the lot of five 
gained 210. 5 lbs. 

3. The results of the fall shearing are in some respects 
favorable to the practice. The fall shorn wethers made 
slightly the cheaper gain, as the cost of 100 lbs. gain in 
the one instance was §6.11, and in that of those that were 
not shorn in the fall it was $6.67. The fall shorn wethers 
also made a greater gain of 15 lbs., of which 3.2 lbs. is due to 
their heavier clip of wool. 

4. In this trial the effect of the shearing in hastening the 
maturity of the sheep appears to be similar to that of the 
previous experiments. If the time over which the experi- 
ment extended is divided into two periods of eight and 
seven weeks, respectively, it is shown that the gain of the 
fall shorn wethers in comparison with the others was much 
greater during the first period than during the second. 
During the first period of eight weeks the five fall shorn 
wethers gained a total of nineteen pounds more than those 
that were unshorn. During this time the unshorn lot also 
ate 18 lbs. more grain, 5 lbs. more roots and 24 lbs. less 
hay than did the wethers that had been fall shorn. In the 
second period extending over seven weeks, the fall- shorn 
wethers made i^ lbs. less gain than those that were un- 
shorn. The unshorn during the second period, however, 
ate 39.5 lbs. less ha3^; 19 lb. less grain and the same quan- 
tity of roots. These facts indicate that the removal of the 
fleece hastens the fattening up to the time that the wool 
has become half grown. 

5. The fall shorn wethers sheared 1.2 lbs. more xm- 
washedwool or 3.2 lbs. more washed wool than those that 
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were not shorn in the fall. The fibre of the wool from the 
two clippings in fall and in spring is much shorter than 
that from the sheep that were shorn in the spring, hence 
the latter would bring more per pound. 

4. FOURTH EXPERIMENT: SHEARING IN OCTOBER. 

In the fourth trial sixteen Shropshire wethers were di- 
vided into two lots. Lot I was shorn Oct. 6th, 1893, and 
Lot II was left unshorn. At the beginning Lot I weighed 
a total of 6471 lbs. and Lot II 648^ lbs. The wethers were 
all dipped, as they were troubled with ticks when bought. 
The shed feeding did not start until Nov. 22, so that for 
seven weeks of the experiment the wethers had free range 
of pasture or rape. Prom the beginning of the experi- 
ment grain was fed to both lots. They* were fed i lb. of 
oats per head daily during the first two weeks and they 
had the run of a rape field in addition. The grain ration 
was then changed to 1 part corn and 1 part oats, and this 
was continued until the experiment closed. Until Nov. 7th 
the wethers were kept on rape when they were given fresh 
pasture for two weeks and brought in to the sheds Nov. 
22d. They then received clover hay in addition to the 
grain mixture described. 

The wethers were sold without being shorn. The aver- 
age length of the fleece of the fall shorn wethers measured 
at the shoulder was about an inch, so that it was almost 
impossible and certainly inadvisable to shear them at that 
time. While the lambs that were fall-shorn would be re- 
duced in price somewhat because of the shortness of their 
fleece, this would be more than compensated for by the 
29.4 lbs. of wool they clipped in the fall. 
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W«»ltflit Oot, ttth, begtoDiag of experiment 
Witltfht l>i»o. tOth« ending of experiment . . 

(lAiu tn to weeks « 

Avi»rHHt« weekly gain per head 

Tiiinl (luanttty of unwashed wool shorn.... 

It«y iFHten 

Oatu 

()(>Mt of food 

CtoMt of 100 lbs gain omitting pasture 



LotT. 
8 wethers 
fall shorn 


Lot II. 
8 wethers 
unshorn. 


lbs. 


lbs. 


618.1 


618.6 


812.6 


817.6 


191 4 


169 


3.4 


8 


29.4 




292.5 


2786 


290.6 


265.5 


$6.56 


$6.08 


$2.86 


$3.00 



DiFFBRENCB IN 

Favor of 



Fall 
shorn 



Un- 
shorn 



lbs. 



26.4 

.4 

29.4 



$ .1« 



lbs. 

80.4 

6 



14 
25 
$ .4» 



1. The fall shorn wethers made the greater gain, for dur- 
ing a period of 10 weeks the eight wethers in this lot 
gained a total of 25.4 lbs. more than the others. 

2. The gain of the fall shorn wethers was made at a 
cheaper rate as the cost of 100 lbs. gain in their instance 
was ^2.86 exclusive of pasturage, while the cost of 100 lbs. 
gain in the unshorn lot was $3.00. 

3. This experiment bears out the position indicated by 
the preceding trial, that the effect of the removal of the 
fleece is to hasten the fattening process until such time as 
the wool has attained a growth of one or two inches. 

Dividing the total period of the experiment into two 
periods of five weeks each we find that the fall shorn 
wethers gained 18.4 lbs. more than the unshorn during tiie 
first five weeks, though they each received exactly the 
same amount of grain and similar pasturage. During the 
next five weeks the shorn wethers gained a total of 7 lbs. 
more than the unshorn, but the shorn wethers ate 50 lbs. 
more grain and 14 lbs. more hay than the shorn during 
this time. 
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GENERAL SUMMARY. 

1. Fall sheariDg is a beDeficial practice to prepare lambs 
that are six months old for the early winter market. 

2. To secure the benefits for fall shearing it should be 
done early in the season, at least not later than October. 

8. When done under such circumstances the removal of 
the fleece hastens the fattening, and the gain is made at a 
slightly cheaper rate. 

4. The results show that by shearing in the fall and 
again in the spring more wool is obtained than from a sin- 
gle spring shearing, but the market value of the two clip- 
pings is not any greater than that of the single clipping 
in which the fibres of the fleece are longer. 

5. When the lambs are to be fattened during three or 
four of the winter months, there appears to be no practi- 
cal advantage in fall shearing. 
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GRAIN FEEDING LAMBS FOR MARKET. 



JOHN A. CRAIG. 

The experiments herein described were undertaken for 
the purpose of comparing the profitableness of the differ- 
ent systems of lamb feeding. 

There are three methods of fattening lambs in general 
practice. In the first method the lambs are fed grain 
from the time they will begin to eat it until they are put 
on the miarket ten or twelve months later. In the second 
method the lambs do not receive any grain until the fat- 
tening begins in the fall when the sheep are put in sheds. 
In the third method the lambs receive grain from weaning 
time until they are finished for market. 

In those countries where mutton sheep have been bred 
for many years and the feeding of them has become a 
subject of special study, the chief problem the shepherd 
has constantly before him is the provision of such food as 
will keep the lambs steadily increasing in weight at all sea- 
sons from the time of birth until marketed. The tastes 
of the lambs are studied and the most appetizing rations 
are fed to them before they are weaned. After weaning, 
green fodder crops, such as rape, vetches and turnips are 
freely used to keep the lambs thriving. In the fattening 
process the aim is to get as rapid gains as possible by 
frequent and careful feeding of a variety of fattening 

■ 

foods. 

A strong contrast to this is offered by the method in 
general practice on many farms. Before weaning the 
lambs receive no grain and they get no nearer to it after 
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weaning than to have the range of corn or grain field after 
harvest. Fattening begins and ends with feeding corn in 
many instances, though there are home-grown grains that 
could be profitably marketed in this way. It is considered 
by those who adopt this practice that by denying the lambs 
any grain before or after weaning much greater gains can 
be obtained from them when the fattening is commenced. 

Midway between these systems is that followed by many 
which has for its distinctive feature the feeding of grain 
to the lambs from the time of weaning until they are mar- 
keted. The effect of this management is to carry the 
lambs over the weaning period without any material check 
being given to their growth. To that extent it is a better 
system than the other, which allows the lambs no graia 
until tlie winter feeding begins. 

Such being the practices that are usually followed, it 
was considered to be a practical line of experiment to study 
the differences in the effects of these methods and the 
profits from them under our conditions. 

THE SCOPE OP THE EXPERIMENTS. 

The experiments have extended over the years 1891, 
1892 and 1893. They began each year as soon as the lambs 
were old enoagh to be used; in April or May they would 
begin to eat, and from those months the work was con- 
tinued until the lambs were marketed the following 
February. This time was divided into three periods, the 
first being included in the time preceding weaning, the 
second after weaning, and the third fattening in the sheds 
during winter. 

In the first and second experiments there were only two 
lots of lambs, the one lot receiving grain over all the per- 
iods and the other lot not receiving grain until the fatten- 
ing period. In the third experiment a third lot was intro- 
duced and this lot received grain from the time they were 
i^eaned. In all particulars the lambs received the same 
management. After weaning they all had similar pasture 
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and when put in the same shed to fatten they were fed a 
ration consisting of similar foods. The only variation in 
the feeding consisted in the grain feeding followed in the 
instance of some of the lots before and after weaning, and 
that formed the basis of the experiments. 

In all the trials the ewes in each trial and in each lot re- 
ceived the same management and food. In no instance 
were they given grain. Their food was chiefly pasture, 
with some fodder during the time that the pasture was not 
accessible. The ewes of all lots and in all trials were 
weighed weekly during the time previous to wearing, but 
there was not sufficient difference in their weights or food 
to influence the results in any respect. 



I. Statement of Data in Detail. 

THE FIRbT TRIAL. 

As the first trial in this direction has been described 
fully in the Ninth Annual Report of this Station it will 
be unnecessary to describe it here further than to present 
the leading facts that bear out the assumptions that follow. 
The trial began in the spring of 1891 and was continued 
until that of 1892. Two lots of lambs with three in each 
were used. 

feeding before weaning — IN THE FIRST TRIAL. 

The first period includes the time preceding weaning. 
When this period started the lambs were about three weeks 
old and when weaned they were three months old. During 
this time Lot I received a grain mixture of 1 part bran, 1 
part cornmeal and i part oilmeal. The following state- 
ment shows the progress of the six lambs under these cir- 
cumstances during the first period: 
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Table L — Increase and food of lambs before weaning — la^ trial. 



Ave- rage weijrht of each Iamb at begin 
ning, April 90 



Lot I. 

Lambs (3) 
fed grain. 



Average weight of eaeh lamb at ending, 
July9 

Average gain of each lamb in ten weeks. . . 
Average weekly gain of each lamb 



Grain eaten per head by Lot I.— 

Bran 11.8 

Cornmeal, 11.8 

Oilmeal, 2.9 



! 



Cost of grain for each lamb. 



lbs. 
18.6 

68.5 

44.8 
4 48 

26.6 
IScts. 



Lot II. 



Lambs (3) 
no grain. 



lbs. 

19.3 

55.8 
86.5 
3.65 



DiFFBRBKCBS IN 
FAVOR OF 



Grain. 


No grain. 


lbs. 


lbs. 




.7 


7.7 




8.3 




.88 





FEEDING AFTER WEANING — IN THE FIRST TRIAL. 

The lambs were weaned July 9 th, when they were about 
three months old, and from that time until November 9th, 
they were all given similar pasture ; the only difference 
in the feeding being that Lot I received a grain mixture 
of two parts ground corn and one part oilmeal. At the 
beginning of this period two more lambs were added to 
each lot. They were lambs that had been previously man- 
aged similar to those in the lots to which they were added. 
Lot II by this means received an increase of 21.5 lbs. that 
was not produced by it. The following table will show 
the progress of the lambs during this period: 
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Table IL — Increase and food of lambs after weaning— Xst trial. 





Lot I. 

Lambs C5) 
fed grain. 


LoTiL 

Lambs (5) 
no grain. 


DiPFBRBNCES IN 
FAVOR OF 




Grain. 


No grain. 


Average weight of each lamb at begin - 
ninflr 


lbs. 

58 

108.7 
50.7 
2.66 

188 
$1.47 


lbs. 

587 

88.6 
S9.9 
1.86 


lbs. 
.8 

21.1 

20.8 
.3 


Ibe. 


Average weight of each lamb at ending, 
November 19 

Average gain of each lamb in 19 weeks. . . . 


• ••• ••••••«« 


Averasre weekly eain of each lamb 




Oraln eaten per head by Lot I.— 

Ground com 128 




Oilmeal 61 j 

Oost of grain for each Inmb 

















FEEDING DURING FATTENING — IN THE FIRST TRIAL. 



This period began November 19th, and extended to Feb- 
ruary 25th, an interval of 14 weeks. The lambs were fed 
similar foods and given the same management in all res- 
pects. Their rations consisted of com fodder and roots 
with as much grain as they would eat, consisting of a mix- 
ture of 2 parts whole oats, 1 part whole com and 1 part 
oilmeal. The appended table will indicate the effect of 
the previous management on the fattening: 
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Table IIL— Increase and feed of lambs during fattening period— 1st, 

trial. 





Lot I. 

Lambs (4) 

grain 
previously. 


Lot II. 

Lambs (4) 

no grain 
previously. 


Differences in 

FAVOR OF 




Grain. 


No grain. 


Average'weigbt of each Iamb at beginatiig, 
November If 


lbs. 
106.3 • 

145.7 
39.4 

2.81 
10.1 

66.8 

33.4 

33.4 
190.3 

89.2 
$1.62 


lbs. 
84.3 

125.7 
41.4 
2.95 
7.0 

68.5 
84.2 
84 2 

172.1 
89.2 

$1.62 


lbs. 
22 

20 


lbs. 


Average weight o** ''•ach lamb at ending, 
February 25 




Average gain of each lamb in 14 wesks. . . 

Average weekly gain of each lamb 

Average weight of fleece 

Food eaten by each lamb- 
Oats 

Com 


2 




.14 


8.1 

1.7 
.8 
.8 






Oilmeal 




Corn fodder ; 


18.2 


Roots 






Cost of food for each lamb 




• 







THE SECOND TRIAL. 

In the second trial, undertaken in the spring of 1892, 
there were ten ewes and 14 lambs in each lot in the period 
before weaning, and from these five lambs were selected 
and with them the experiment was continued and conclud- 
ed. In Lot I the lambs were fed all the grain they would 
eat, and those in Lot II were not given any grain. 

FEEDING BEFORE WEANING— IN THE SECOND TRIAL. 

The time covered by this period extends from April 27th 

to July 20th, an interval of twelve weeks, during which 

the lambs in Lot I were first fed a mixture of 8 parts bran 

and 1 part oilmeal for three weeks and then 1 part oilmeal, 

1 partgound corn and 2 parts bran the succeeding nine weeks. 

Those in Lot II did not receive any grain. The results are 

shown in the appended statement: 
5 ^ 
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Table IV. — Increase and food of lambs before weaning — 2d trial. 





LotL 

Lambs (14) 
fed grain. 


LOTIL 

Lambs C14) 
no grain. 


Differences in 
fjlyor of 




Grain. 


No grain. 


Average weigbt of each lamb at begin- 
ning, April 27 

Average weight of each lamb at ending, 
July20 


lbs. 

24.S 

61.8 

87.6 

3.1 

42.7 
34cts. 


lbs. 

22.7 

56.2 
88.5 

8.7 


lbs. 

1.5 

5.6 

4.1 

.4 


lbs. 




Average gain of each lamb in 12 weeks. . . . 
Ayerasre weekly srain of each lamb 




Grain eaten per head by Lot I.— 

Oilmeal 10.6) 

Ground corn 8.8^ 




Bran 23.3) 

Cost of Grain for each lamb 








ii 









FEEDING AFTER WEANING— IN THE SECOND TRIAL. 

Prom the fourteen lambs that were in each lot before the 
time of weaning, ^vq lambs that represented the average 
of the fourteen, were selected from each lot, and with 
these the experiment was continued. During the first 
week after weaning the grain food, bran, oilmeal and 
ground corn, was continued to Lot I, but after that time 
they received whole oats, while Lot II did not receive any 
grain. Both were allowed similar pasture. 

Table V. — Increase and food of lambs after weaning — 2d trial. 



Average weight -of each lamb at begin- 
ning July 80 

Average weight of each lamb at ending, 
Nov. 9 

Average gain of each lamb in 16 weeks 

Average weekly gain of each lamb 

Grain eaten per head by Lot I— 

Oats lao.st 

Bran, oflmeal, com 6.9 y 

Oostof grain ; 



Lot I. 


; Lot n. 

Lambs (5) 
no gran. 


DlFWRBNCES IN 
FAVOR OF 


Lambs (5; 
grain. 


1 

Grain. 


No grain. 


lbs. 
65.8 


lbs. 

58.8 

81.5 

26.8 

1.6 


lbs. 

7.6 

15.3 

7.7 

.5 


lbs. 


99.8 




81.0 




8.1 
127.4 




$1.18 




....::.:i.. .: 
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FEEDING DURING FATTENING — IN THE SECOND TRIAL. 

The third period in the management of these lambs be- 
gan on November ^9th and was continued until February 
15th, thus extending over fourteen weeks. The lambs in 
the experiment during the former period was retained. At 
the beginning of the period the lambs* received oats, roots 
and corn fodder: The grain was increased later by the 
addition of corn and towards the end of the period some 
oilmeal was fed and the corn fodder changed to hay. 



Table VI, — Increase and food of lambs during fattening— 2nd trial. 



Average weight of each lamb at begin- 
Ding, Nov. 9 

Average weight of each Iamb at ending, 
Feb. 16 

Average gain of each lamb in 14 weeks 

Average weekly gain of each lamb 

Average weight of fleece 

Food eaten per head: 

Oats 

Com 

Oilmeal 

Corn fodder 

Roots 

Hay 

Cost of food for each Iamb. . ; 



Lot I. 

Lambs (5) 
grain pre- 
viously. 



lbs. 
99.8 

140.8 

40.5 

2 8 

8.8 

120 

42 

89.6 

45.6 
108.8 

97.2 
$2.85 



1 Lot IL 

Lambs (5) 

no gain 

previously. 



lbs. 
84.6 

125.5 
41 
2.9 

7.8 

114.3 
40.6 
88.1 
40.6 
90.8 
104.2 
$2.80 



DiFFERBNCBS IK FAVOR 
OP 



Grain. 


No grain. 


lbs. 
15.8 


lbs. 


14.8 






.6 




.1 


1 

1 


5.7 
1.6 




^96 




6 




13 


7 






$.05 



THE THIRD TRIAL. 

This trial was started May 10th, 1894, and continued un- 
til the last day of January, 1894. Twelve ewes and their 
fifteen lambs were taken and divided into three lots with 
four ewes and their five lambs in each. The lambs in Lot 
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fed grain throughout all the periods, those in Lot 
jived grain only during the fattening period and 
n Lot III were given grain from the time they were 
L until fattened for market. 

ieding before weaning— in the third trial. 

lambs in the grain fed lot were given a mixture of 
bran and 1 part oilmeal. They were mostly Shrop- 
rades, averaging about six weeks old when the ex- 
nt started. The following statement shows the coa- 
f the lambs in the first period, including the time 
weaning : 

VII.— Increase and food of lambs be/ore weaning— 3rd trial. 





Lor I. 


Lot n. 


LoTin. 




tambs (S) 
grain. 


lambs (B) 
DO grata. 


ambs (G> 
nc grain. 




IbB. 


lb». 


IBS. 


eight ot each tamb at bejtiDDiDK, Mny 10. .. 


B7.8 


38.9 


K 


elghtoteoclilanibateDding, Auit.S 


7S.2 


es.i 


ro.B 


UQOfeachlamblnlSweeka 


40. S 


ss.s 


S3.S 


e*Wy gain of each Jamil 


3.40 


K.3B 


a.BO 


a per bead br Lot I.- 


50 






3 »( 










4Tcts. 













CEDING after weaning — IN THE THIRD TRIAL. 

second period was started August 2d, when the 
n all the lots were weaned. They had like pasturage, 
nbs in Lot I were fed oats, those in Lot II did not 
1 any grain, and those in Lot III also received oats. 
ime lambs that were used in the previous period 
etained. 
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Table VI I L^ Increase and food of lambs after weaning —^rd trial 



LoTlIL 

Lambs (5) 

grain since 

weaning. 



Average weight of each Iamb at beginning, August 2 
Average weight of each lamb at ending, November 8 

ATerage gain in 14 weeks 

Average weekly gain 

Food eaten per head, oats 

Oost of grain per head 



Lot I. ' 


LotU. * 


Lambs (JS) 
grain. 


Lambs (5) 
no grain. 

• 


lbs. 


lbs. 


78.2 


65.1 


97.6 


77.9 


19.4 


12.8 


1.4 


.91 


62.1 




66 cts. 







Ibe. 
70.6 
91.7 
21.6 
1.5 
62.1 
56 cts. 



FEEDING DURING FATTENING — IN THE THIRD TRIAL. 

The third or fattening period in this trial began November 
8, when the wethers in the three lots were put on the same 
rations. The grain mixture fed to each lot during the 
greater part of the fattening period consisted of one-half 
oats and one-half corn. In addition to this mixed hay was 
fed. All the lots were given as much as they would eat of 
the hay and the grain mixture 

Table I X,— Increase and food of lambs during the fattening — drd trial. 





Lot I. 


Lot n. 


Lot ill. 




Lambs C5) 
grain. 


Lambs (5) 

no grain 
previously. 


Tiambs C5) 

grain since 

weaning. 




lbs. 


lbs. 


lbs. 


Average weight of each lamb at beginning, Nov. 8 


97.6 


77.9 


91.7 


Average weight of each lamb at ending, Jan. 31 


184.6 


118.9 


121.6 


Average gain of each lamb in 12 weeks 


8? 


86 


82.9 


Average weekly gain of each Iamb 


8.08 


3 


2.74 


Average weight of fleece 


8.8 


5.7 


7.1 


Food eaten - 








Com 


106.8 
75.1 
91 


92.6 
66.1 
89.5 


106.5 


Oats 


78.4 


Hay 


83.6 


CoBt of food 


$1.79 


$1.60 


$1.74 
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taring of the- Results on Special Features. 

the influence of these facts on special points it 
cessary to give fuller details in regard to the 
g on them. In this way it will be advisable to 
profitableness of the practices and also present 
obtained in reference to the effect upon the car- 
3 wool, 

'O FEED GRAIN BEFORE AND AFTER WEANING. 

scussing this feature it is necessary to empba- 
e grains which are fed to the lambs both before 
waning were more favorable to growth than to 
Neither was it the aim to feed them ia such 
s to hasten the fattening at the expense of the 
his may in a large degree account for the even- 
progress of the lambs during the fattening per- 
xids that were most fed during these periods 
oats and oilmeal. 

condition that makes it profitable to feed grain 
need price per pound which well fatted Iambs 
iver those that are only in fair condition as to 
hese trials the value of the lambs represents 
bted value in the judgment of a local butcher, 
:es used in determining the value of the lambs 
>f the last period are those that they brought in 
arket. The other prices are based on those of 

market to a large degree. The lambs that were 
ntinuously were estimated by the butcher to be 
t per lb. more at weaning time, 1 cent more in 

f cent more when sold in the spring than those 

grain before and after weaning. The lambs 
ain from the time of weaning were thought by 
to be worth i cent more per lb, when sold in 
/han those that had not received any grain pre- 
ening. 
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uppended table is a summary of all the trials with 
Dcipal data that bear on the profitableness of these 
es brought forward. The value of the lambs in 
}t and the comparative cost of eEich are easily seen. 

be again noted that the first period includes the 
receding weaning, the second period after weaning 
ittening and the third, the fattening period. 
e is no question but that if the lambs were to be sold 
ately after weaning or late in the fall without 
ig them over winter, it would pay to feed grain, 
in in the lambs and their increased value per pound 
be the chief arguments for this. The most im- 
;; matter to be determined, then, is whether it pays 

grain previous to the usual time of fattening in in- 
1 where the lambs are not sold until late winter or 
pring. 

THE RELATIVE PROFIT FROM FATTENING. 

le first trial if we charge the grain-fed lambs in Lot 
the cost of the grain food they ate before and after 
g. and also that of , the fodders and grains they ale 

fattening it will amount to $3.27. At their valna- 
er pound at that time they were worth 89.25 per 
ihus leaving $5.98 as the comparative profit per 

The cost of food for the lambs in Lot II that did 
ieive any grain until fattening amounted to $1.62 
ad, and their market value was $7.03, leaving a com- 
re profit of $5.41. In this way the grain-fed lambs 

return of 57 cents per head more than the others, 
se estimates the cost of pasturage has not been in- 

but it would not affect the position of the lambs, 
^ all had similar pasturage. 

le second trial, as the table shows, the cost of the 
:ed the lainbs in Lot I before and after weaning and 
tion during fattening amounted to $3.82, and their 
t value $8.90 per head, leaving a balance of $5.08. 
[nbs in Lot II ate ^2.30 worth of food per head dur- 
itening, and their market value was $7.02, leaving a 
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balance of $4.72. The difference in the profit per head 
amounts to 36 cents in favor of the grain- fed lambs. 

In the third trial the cost of the food consumed by the 
grain-fed lambs during all periods was $2.82, and the 
estimated value at the low price per pound then current 
was $5.72, leaving a balance of $2.90, as against a similar 
balance of $2.38 from the lambs in Lot II that had no grain 
until fattening, and a balance of $2.68 from the lambs in 
Lot III that had grain since weaning time. 

Prom these figures it will be seen that the profit from 
lambs that had grain during the three periods was 48 1- 3 
cents per head greater than those that had no grain until 
the fattening began in the fall. And it is further shown 
that the lambs that were fed grain from the time of wean- 
ing also yielded a greater profit per head than those not 
receiving grain until fattening. It remains to be said in 
considering this feature that the grains that were fed have 
been charged to the lambs at the market prices pre- 
vailing in Wisconsin over a term of years. In these 
estimates no consideration has been given to the cost of 
pasturage and care, so that the term " comparative profit" 
is used for the purpose of comparing the profit of the lots 
with those items omitted. 

EARLIER maturity AND EARLIER MARKETING OF THE 

GRAIN -FED LAMBS. 

The length of time it took under these different sys- 
tems of feeding to bring the lambs in each of the lots to 
similar weights has a practical bearing that calls for in- 
quiry. In the first trial, when the trial ended February 
25th, the lambs in Lot II that had not received any grain 
before the fattening period averaged 125.7 lbs. The lambs 
in Lot I that had grain during all the periods averaged in 
live weight 125.2 lbs. on December 31st, about seven 
weeks before the others. The food, omitting pasturage, to 
get the latter up to that weight cost $2.25, while that re- 
quired by the lot that had no grain was only $1 .62. The 
difference in the cost originated ^in the heavy grain feed- 
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ing after weaning to Lot I. They ate about 1^ lbs. of 
grain per day on pasture during that time. 

In the second trial the lambs in Lot II that had no grain 
before or after weaning weighed an average of 125.5 lbs- 
when the experiment was closed February 15. The grain 
fed lambs in Lot I averaged 124.6 lbs. January 18th, so 
that the grain fed lambs were about one month ahead of 
the others. To make the lambs in Lot II weigh 125.5 lbs. 
it cost in food $2.30, while in the instance of those of Lot 
I it cost $3. 12. The difference here was likely due to the 
same cause as in the first trial, the high grain feeding 
after weaning, as the lambs so fed received 1.1 of grain per 
head per day when on pasture. 

From the experience gained from the two previous trials, 
and knowing that the high cost of the grain fed lambs in 
comparison with the others was due to the heavy feeding 
from the time of. weaning, the quantity of grain fed during 
that period was greatly reduced, the lambs getting only 
about one-half pound per head daily. The lambs that had 
not received any grain previous to fattening weighed an 
average of 113.9 lbs., on January 31 when the experiment 
was concluded. Those in Lot III, fed grain since weaning 
weighed an average of 111.2 lbs. January 3rd, while the 
lambs that had grain given them through all the periods 
weighed 112.7 lbs. December 12th. They were seven 
weeks in advance of those that had not received grain. To 
bring the lambs in Lot II to that weight cost §1.79, those 
of Lot ni $1.63, and those of Lot I $1.60. The grain fed 
lambs then not only matured much earlier but the cost of 
gain was also less. Considering the greater amount of 
labor to feed the lambs that had np grain previous to fat- 
tening over the longer time, including the risk of loss and 
the advanced value of the grain-fed lambs per pound it cer- 
tainly shows that there was a gain from this management. 

The chart on the next page shows the difference in the 
progress of the lots in these respects. Through this ar- 
rangement it is easy to compare the weights of the lambs 
at any time during the course of the trials. 
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EFFECTS ON THE INCREASE IN WEIGHT. 

By following the lines in the chart illustrating the 
progress of the lambs in the different lots it is evident that 
the chief difference in their increase originated after 
weaning. It should be here stated that the break in the 
lines is due to the changes that had to be made in the lots. 
Prom the time of weaning until the beginning of the fat- 
tening, the difference in the weights of the lambs in the 
respective lots increased. This is not so evident before 
weaning, owing to the shorter time and the smaller 
quantity of grain eaten by the lambs receiving it. 

Comparing the quantity of grain it required to make one 
pound of gain before weaning with that required after- 
wards we find that it required less before weaning. Such 
a comparison necessitates the offsetting of the milk which 
the lambs received from the ewes before weaning against 
the pastures which they received after weaning. Before 
weaning in the first trial it took .59 or about one-half 
pound of grain to make a pound of gain; in the second 
trial th^ grain-fed lambs made a pound of gain on 1.1 
lbs. of grain, and in the third trial they made it on 1.2 
lbs. of grain. 

After weaning when the lambs were on pasture it took 
3.6 lbs. of grain to make a pound of gain in the first 
trial; in the second trial it took 3.6 lbs. grain for a pound 
of gain and in the third trial the lambs that had received 
grain from birth made a gain of one pound for 3.2 lbs. of 
grain, while those in the other lot receiving grain after 
weaning made a pound of gain for each 2.9 lbs. of grain 
in the interval between weaning and fattening. 

These facts make it evident that it paid best to feed the 
grain before weaning, though it is not fair to assume that 
ewes' milk is only equal to good pasture, as has been done 
in this comparison. 
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INFLUENCE ON THE CHARACTER OP THE MEAT. 

In the second and third trials the lambs were slaughtered, 
the carcass cut back of the fifth rib and an examination 
made of the mixture of fat and lean. In both instances 
there was no apparent difference in the lots in that respect. 
This was to be expected from the fact that the lambs pre- 
vious to fattening had received such foods as bran, oats and 
some oilmeal, which are favorable to growth, while during 
the fattening process they received similar rations. The 
flesh in nearly all instances was evenly mixed, and in none 
were the carcases heavily loaded with fat. 

The dressed weights of the different lots in the second 
and third trials were also obtained. The lambs were 
fasted over three meals, and the weighing of the carcasses 
was done after they had become sufficiently rigid to permit 
the weighing to be done. 

The grain fed lambs in the second trial dressed 56.6 per 
cent., and those that had no grain before fattening dressed 
55.7 per cent. In the third trial the grain-fed lambs 
dressed 52.3 per cent.; those in Lot II that had no grain 
before the fattening period dressed 52.8 per cent., and 
those that had grain since weaning dressed 52.2 per cent. 
So that it may be said that there was no appreciable 
difference in the per cent, that the lambs in each lot 
dressed. The weights of the blood, heart, lungs, kidneys, 
pelt, caul fat and kidney fat was taken in the instance of 
fifteen lambs in all the lots and no marked or uniform 
differences were found between the lots in these respects. 

EFFECT OF GRAIN FEEDING ON THE WOOL. 

At all times during the three trials it was an easy matter 
to select by the eye the lambs that received grain before 
and after weaning. The fleeces of these were dense and 
smooth in appearance, while those of the lambs that had 
no grain were always open and rough. The smoothness 
of the fleeces of the grain-fed lambs may be attributed to 
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the greater density of wool and also the greater amount of 
yolk or oil that was found to be in their fleeces. 

The quantity of wool shown from the different lots under 
these various systems of management was decidedly favor- 
able to grain feeding. In the first trial the lambs that had 
grain since birth sheared an averiige of 10. 1 lbs. unwashed 
wool when the experiment was concluded, and those that 
did not receive any grain until fattening sheared an aver- 
age of 7 lbs. per head. In the second trial the lambs re- 
ceiving grain continuously sheared an average of 8.8 lbs. 
per head, and the lambs that did not have any grain until 
fall sheared an average of 7.8 lbs. per head. In the third 
trial the lambs that received grain from birth sheared an 
average of 8.3 lbs. wool per head, those that had grain 
from weaning sheared an average of 7.1 lbs. per head, and 
those not receiving grain until fattening sheared an average 
of 5.7 lbs. per head. Taking the average of the three 
trials, the lambs receiving grain from birth averaged 9 
lbs. unwashed wool per head, those receiving it from 
weaning time averaged 7.1 lbs. and those not receiving any 
until winter feeding started averaged 6.8 lbs. per head. 

DIFFERENCES IN FLEECE WEIGHTS CHIEFLY DUE TO YOLK. 

The greater amount of yolk that was found in the fleeces 
of the lambs fed grain continuously to some degree ac- 
counts for the greater weight of their fleeces. 

In the first trial on the conclusion of the experiment one 
pound of the wool from each of the sheep was washed in 
water at a temperature of 100 degrees, Fahr. 

The wool from the lambs that had grain from birth 
shrank 41.2 per cent, while those not receiving grain until 
fattening lost 36.2 percent. In the second trial one pound 
samples were washed in water at a temperature of 120 de- 
grees, Fahr. The shrinkage of the wools of the grain -fed 
lambs was 48 per cent, and that of the lambs in the lot not 
fed grain was 43 per cent. In the third trial half pound 
samples were washed in water at a temperature of 130 de- 
grees, Fahr., and it was found that the wool of the lambs 
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fed grain continuously lost 38 per cent., that from the 
lambs fed grain from weaning 36 per cent, and that from 
the lambs given no grain until fattening lost 36 per cent, in 
washing. These differences in the shrinkage in the wash- 
ing may be credited to the removal of the yolk, or natural 
oil in the wool. The results of the three trials show that 
the average yield per head of wool washed as described 
has been 4.6 lbs. from the lambs receiving grain from birth, 
and 4. 1 lbs. per head from those that had no grain until 
the fattening began. 

LONGEST WOOL FIBRES FROM GRAIN FEEDING. 

The length of the wool fibre seems to have been slightly 
influenced by the grain feeding and small measure con- 
tributed to the weight of the fleeces of the lambs so fed. 
The shoulder wool was measured without disturbing the 
crimp and in the first trial it was found that the average 
length of the fibre of the grain fed lambs was five inches, 
while in the instance of the lambs that had no grain before 
fattening the average length was 3.76. In the second trial 
the increase clip of wool obtained from the grain fed lambs 
was due altogether to the yolk it contained for the aver- 
age length of the fibre of the lambs was 4 inches and that 
of those that had not received grain before fattening be- 
gan was 4.2 inches; a difference so slight as to be within 
the range of error. It should be noted that the difference 
- in the weights of the fleeces between the two lots in this 
trial was the smallest of any of the trials. In the third 
trial the fibre in the iostance of those that had grain from 
the time of weaning it was 2.8 inches, while the lambs fed 
grain continuously averaged 3.3 inches long, and in the in- 
stance of that of the lambs that had no grain before or 
after weaning it was 2.9 inches. The average of the three 
trials shows that the average length of the wool fibre from 
the lambs fed grain continuously was 4.5 inches, while that 
from the lambs that did not receive grain previous to shed 

feeding was 3.7 inches. 
6 
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GENERAL. BEARING OF THE RESULTS ON FEEDING LAMBS. 

The most important fact bearing on farm practice that 
is brought forward by the data of these trials is that it 
pays to feed lambs grain from the time of birth until they 
are marketed. It is reasonable to infer that the kind of 
grain fed before and after weaning had an influence on the 
results. Of the grains that have been tried before weaning 
we have found bran the best for lambs at that age. Ground 
oats are good, but their hulls are left almost untouched. 
A small quantity of oilmeal, i by weight, mixed with the 
bran makes an excellent mixture. The lambs will begin 
to eat between the ages of two and three weeks if they 
have a part of the pen partitioned off as a feeding apart- 
ment for them. A lamb creep can be easily arranged by 
nailing slats to two cross pieces far enough apart for the 
lambs to pass through but too narrow for the ewes. About 
the fourth week the lambs will be eating from i of a pound 
daily and by the time weaning approaches they should be 
getting i lb. per head daily. After weaning oats makes an 
excellent ration. They do not need to be ground. At this 
time until fattening starts it will be found the most ""profit- 
able to limit the lambs to half a pound of oats per head 
daily. 

When the fattening begins the oats may be added to by 
the addition of corn. Best results have been obtained by 
feeding equal mixture by weight of oats and corn for the 
first month and then increasing the proportion of corn to 

hree parts by weight and continuing to feed that the fol- 
lowing month, and then finish the fattening by the addi- 
tion of a small quantity of oil meal, about i by weight. 
The lambs may be started on one pound per head daily, 
and increased so that the average daily ration throughout 
the fattening will be about two pounds per head. As soon 
as the lambs have started well it is a safe guide to feed 
them all they will eat with a relish. The ration should be 
added to by the addition of two or three pounds of clover 
hay or corn fodder and the same amount of roots. 
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III.— Summary of Results. 

The following condensed results have been obtained from 
feeding lambs in this way in comparison with the other 
method which allows them no grain before weaning or un- 
til fattening begins in the fall: 

1. The feeding grain before weaning produced an average 
of 61 cts. per head more profit at weaning time than that 
obtained from the lambs receiving no grain. The average 
value of each lamb in the lot receiving grain at $5.66 per 
hundred was $3.83 per head, and the average value of the 
grain they ate was 33 cts. per head, while the average 
value of the other lot not receiving grain at $4.91 per hun- 
dred lbs. was $2.89, leaving 61 cts. profit per head in favor 
of grain feeding. The average of the three trials shows 
that the grain-fed lambs before weaning required 4 lbs. of 
grain for each 1 lb. of gain that they made over the lambs 
that had no grain. 

2. The feeding of grain after weaning to lambs that had 
not received any before weaning produced an average in- 
crease which slightly more than paid a good market price 
for the grain they ate up to the time they were to be sold 
in the fall. The average value of each lamb in the fall 
after having received grain from weaning time was $3.66 
at $4.00 per hundred lbs., and they ate 54 cts. worth of 
grain per head, while the average value per head of those 
that had not received grain, at $3.81 per hundred lbs., was 
$2.96; a difference of 16 cts. in favor of the lambs fed 
grain since weaning. As the average of the three trials it 
required 6.7 lbs. of grain for the grain-fed lambs to make 
1 lb. of gain more than those that had no grain. 

3. The feeding of grain both before and after weaning pro- 
duced an average of 34 cts. per head more profit if sold in 
the fall than that obtained from the lambs that were not 
fed grain. The average value in the fall of each lamb in 
the lots receiving grain before and after weaning, at $4.81 
per hundred, was $4.82, and the average cost of grain was 
$1.38, while at the same time those that had no grain, at 
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$3.81 per hundred lbs. were worth an average of $3.10 per 
head, a difference in profit of 34 cts. per head to the 
credit of the lambs that received grain. 

4. The results of the three trials show that there is no 
appreciable difference in the gain made during the winter 
fattening between the lambs that had grain previous to 
fattening and those that had not. The difference in the 
cost of gain was more marked, there being an average 
difference of 29 cts. per hundred in favor of those that had 
no grain previous to fattening. 

The average weekly gain per head of the lambs fed grain 
previously was 2.89 lbs. during the fattening, while that 
of the other lambs was 2.95. The average cost of one hun- 
dred pounds of gain was $4.93 in the instance of the grain- 
fed lambs, and $4.66 with those that had no grain before 

fattening started. 

5. When the experiment was concluded and the lambs 

that had grain before fattening and those that had not, 
were ready for market, the average profit from the former 
was 48 1-3 cents per head greater than from the latter. 
The average weight of the grain -fed lambs when sold was 
•140.2 lbs., and that of the others was 121. 7 lbs. per head. 
The former brought 75 cents per one hundred lbs. more than 
those that had no grain before winter feeding. 

6. The grain-feeding had a marked influence on the earli- 
ness of the maturity of the lambs. In the first two trials 
the grain-fed lambs reached an average of 125 lbs per 
head in weight, seven and four weeks respectively, before 
the others. In these trials the average cost of this weight 
in the instance of the grain-fed lambs was $2.68 per head 
exclusive of pasture, while in the instance of the other 
lambs it was $1.96 per head. This difference in cost was 
largely due to the heavy feeding of grain after weaning, 
and when this was guarded against in the third trial it was 
found that the average of 113.9 lbs. per head, which the 
lambs that had no grain reached on the conclusion of the 
experiment, was made seven weeks sooner by the lambs 
fed grain continuously, and it was made' at a slightly less 
cost. 
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7. There was no difference in the character of the meat 
in the carcasses of the lambs that had grain continuously 
and those that had not. 

8. The per cent, that the lambs dressed was about the 
same in all lots, and no marked difference was found in the 
weight of the different organs of the body. 

9. The feeding of grain made all the fleeces of the 
lambs receiving more compact and smoother than the 
others. 

10. The grain-fed lambs sheared in the three trials an 
average of 2.2 lbs. wool more per head than the others. 

11. The greater amount of wool shorn by the grain-fed 
lambs was to an extent due to the greater amount of yolk 
or oil it contained. The shrinkage in the first two trials 
was 5 per cent, greater in the instance of the grain-fed 
lambs than with the others, and in the last trial it was 
2 per cent, greater. 

12. The wool on the lambs that were fed grain contin- 
uously grew to a slightly greater length than it did in the 
fleeces of the others. In the first trial the average length 
of the shoulder fibre of the grain-fed lot was 5 inches as 
against 3.76 in the other; in the second trial 4 inches as 
against 4.2 inches, and in the third it was 3.3 inches against 
2.9 inches. The second trial showed no appreciable differ- 
ence in this particular. 
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ONE HUNDRED AMERICAN RATIONS FOR DAIRY COWS. 



F. W. WOLL. 



An investigation of the system of feeding dairy cows 
practiced by successful Wisconsin farmers was made in 
the spring of 1892 and described in our Ninth Report. 
As the results obtained proved of considerable importance 
and prastical value, the investigation was continued on a 
broader scale during 1893, and in the early part of the 
year circular letters were sent to more than four hundred 
dairy farmers and breeders of dairy stock in all parts of 
the United States and Canada, asking for information con- 
cerning their methods of feeding milch cows. The present 
article is the outcome of these inquiries and contains in a 
condensed form the main facts brought out bearing on the 
subject under investigation. One hundred of the farmers 
to whom the circulars were sent furnished complete rations 
containing definite quantities of the feed stulf s fed daily to 
their cows, as exactly as the circumstances would permit. 
A majority of the rations were not obtained until after con- 
siderable correspondence, as many as three letters having 
in many instances been sent to one party before all the 
necessary data could be secured. In a large majority of 
cases it proved impossible to ascertain with reasonable ac- 
curacy the quantities of feeding stuffs fed daily, especially 
as regards the coarse feeds, and many rations which lacked 
but little of being complete could therefore not be included 
here. 

The writer takes this opportunity of thanking the many 
parties who favored him with the information asked, for 
the consideration and public spirit shown in furnishing 
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data which in many instances was not obtained until aftew 
a good deal of trouble and painstaking work. It is hoped 
that the very varied conditions of feeding represented in 
the rations reported from the different regions in our large 
country will suit the cases of one and all American dairy- 
men striving to improve their system of feeding so as to 
produce the largest quantity of dairy products at the least 
relative cost of food. 

The rations are arranged alphabetically according to 
states; the names and addresses of the dairymen and 
breeders who furnished the complete rations fed to their 
cows are given (by special permission), and then the num- 
ber of cows in milk in each herd, the breed, average live 
weight of cows, average annual yield of milk and butter 
per head, average per cent, of fat in the herd milk, the 
specialty of farming followed, whether breeding or pro- 
duction of milk, cream, butter or beef, and finally, the 
length of time and the season during which the cows go 
dry. 

It may be in order to state in regard to the annual yields 
of butter and milk given that the reports are apt to be 
rather high in many cases. While some of the figures given 
are unquestionably correct, the farmers furnishing them 
keeping careful accounts and knowing exactly just what 
their cows are doing, others are more of good guesses than 
anything else — and in such cases, according to human na- 
ture, rather too high than the other way. No theories 
stand or fall with these data, however. If a farmer re- 
ports an annual yield of 6,000 lbs. of milk, or 
of 300 lbs. of butter, we may feel certain that he is 
doing well and that his figures are approximately correct, 
if the other information given, his method of feeding, the 
kind of cows kept, etc., — is such as would substantiate the 
claims made; if the yield reported were 5,500 lbs. of milk 
or 290 lbs. of butter, our conclusion would be the same. 

There is sometimes a discrepancy between the yields of 
milk and butter reported, and the per cent, of the fat iti 
milk; this may be due to a too high fat content of the av- 
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erage milk of the year being given, or the fact that the 
butter equivalent of the milk consumed by the family has 
not been included in the butter yield. In ordinary dairy 
practice where a separator is used, and where the cream is 
properly ripened before churning, the yield of butter will 
exceed the quantity of butter fat produced by about 15 per 
cent. ; 100 lbs. of 4 per cent, milk will give about 4.6 lbs. of 
butter, 100 lbs. of 3.8 per cent, of milk, 4. 37 lbs. of butter, 
etc. Where the milk is set by gravity methods, and the 
churning is nob done very carefully, the yield of butter 
may easily fall to that of the fat in the milk or even below. 
The names of the farmers furnishing the winter rations 
fed to their herds, with information concerning the man- 
agement of these, are given in the following tables. 
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96 ElBVENTH ANNUA.L RbFOKT OF THE 

AMERICAN RATIONS FOR DAIRY COWS. 

The following rations were furnished by the farm- 
ers whose names are given in the preceding table, the 
numbers corresponding to those in the table. As before 
stated, the weights in many cases have no claim to abso- 
lute accuracy; from the nature of the problem it would 
usually be extremely difficult to ascertain the exact average 
quantities of the different feed stuffs eaten by cows in the 
various herds. In some cases, especially the coarse fodder 
may have been somewhat overestimated; in other cases 
average feeds were actually weighed; in general it is, how- 
ever, believed that the rations given correspond fairly 
well with the food actually consumed daily by the cows in 
the different herds, and that they may safely be made the 
basis of discussions of the distinctive systems of feeding 
practiced by the various dairymen and breeders. 

100 American Rations for Dairy Cows, 

ColorcCdo, 

1.— 30 lbs. com silage, 10 lbs. alfalfa hay, 10 lbs. clover hay, 5 lbs. roller 
bran, 2 Ibe corn meal. 

2. — 20 Ibe. alfalfa hay, 10 lbs. com fodder, 3 lbs, cotton seed meal, 4 lbs. 
com meal, 13 lbs. bran, 35 lbs mangolds, 

8.— 20 lbs. alfalfa hay, 5 lbs. oat straw, 2^ lbs wheat bran, 2i lbs. shorts, 
5 lbs. oats, li lbs. cotton seed meal. 

4.— 40 lbs. com silage, 15 lbs. alfalfa hay, 4 lbs. bran, 4 lbs. com chop. 

Connecticut. 

5.-35 lbs. corn silage, 10 lbs. hay, 3 lbs. bran. 3 lbs. corn and cob meal, 
2 lbs. cottonseed me&l, 2 lbs. Chicago gluten meal. 

17/271018. 

6. — 7i lbs. clover hay, 7i lbs. timothy hay, 12 lbs. corn and cob meal, 8 
Ibe. bran, 1^ lbs. Unseed meal, 1^ lbs. cotton seed meal. 

7. — 15 lbs. com stalks, 4 lbs. of hay, 3^ lbs. hominy meal, 3^ lbs. shortB, 
3i lbs. wheat bran, 3^ lbs. bucksvheat bran. 

8. — 50 lbs. of com silage, 4 lbs. wheat shorts, 4 lbs grano gluten. 

9. — 40 lbs. com silage, 8 lbs. timothy hay, 4 lbs. bran, 2 lbs. com meal, 
1 lb. oats. 

10.— 10 Ibe. timothy hay, 10 lbs. clover hay, 8 lbs. com, li lbs. oata. 
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Indiana, 

11.— 80 lbs. com silage, 6 lbs. clover hay, 8 lbs. com fodder, 1 lb. oat» 
straw, 1 lb. wheat straw, 6 lbs. bran, 2 lbs. oil meal, 2 lbs. cotton 
seed meal. 

13. — 6 lbs. com fodder, 12 lbs. clover hay, 4 lbs. wheat bran, 4 lbs. 
bominy meal, 1 lb. linseed meal. 

18. — 24 lbs. corn fodder, 5 lbs. com meal, 8^ lbs. bran, 1^ lbs. oil meal, t 
lb. cotton seed meal. 

Iowa. 

14. — 50 lbs. corn silage, 5 lbs. hay, 6 lbs. com fodder, 1 lb. oat straw, I 
lb. barley straw, 5 lbs. ear com, 2i lbs. ground oats and barley. 

15.— 40 lbs. com silage, 5 lbs. timothy and clover hay, 7 lbs bran or 
shorts. 

16. — 20 to 25 lbs. clover hay, 12.7 lbs. com, 4.9 lbs. oats.. 

Kansas, 

17.>-501bs. sorghum fodder; 7i lbs. of hay, 8.2 lbs. of bran, 8.2 lbs. of 
corn meal, li lbs. oil meal. 

Kentucky. 

18. — 82.5 lbs. com silage, 6 lbs. clover hay, 3 lbs. com fodder, 5 lbs. com 
meal, 4 lbs. ship stuff, 2 lbs. oil meal. 

Massachusetts. 

19.— 40 lb 8. corn silage, 5 lbs. English hay, 5 lbs. clover hay, 2 lbs. bran, 
2 lbs. gluten meal, 1 lb. cotton seed meal, 1 lb. linseed mt^al. 

20. — 40 lbs. corn silage, 6 lbs. hay, 2 lbs. gluten meal, 2 lbs. corn and cob 
meal, 2 lbs. shorts. 

21. — 12 lbs. timothy hay, 10 lbs. rowen, 1.8 lbs. shorts, 2.6 lbs. com meal, 
8 lbs. cotton seed meal. 

Michigan, 

22. — 27.5 lbs. com silage, 3i lbs. clover hay, 8| lbs. timothy hay, 8.6 lbs. 
bran, i lb. oats, 1 lb. rye, ^ lb. linseed meal. 

28. — 24 lbs. timothy hay, 4 lbs. oat fodder, 4 lbs. rye fodder, 12 lbs. midd- 
lings, 5 lbs. dried brewers* grains. 

Minnesota. 

24.— 50 lbs. corn silage, 8 lbs. hay, 8 lbs. bran, 2 lbs. shorts, 8 lbs. ground 
rye and oats, 2 lbs. barley. 

25. — 8 lbs. com fodder, 7 lbs. clover and timothy hay, 5 lbs. sheaf oats, 
8 lbs. rutabagas, 2 lbs. bran, 8 lbs. oats, 3 lbs. corn meal, 2 lbs. oil 
•cake. 

26.-23 lbs. clover and timothy hay, 10 lbs. ground barley, 

Nebraska, 

27. — 10 lbs. clover hay, 85 lbs. silage, 2 lbs. oat straw, 5 lbs. corn meal, 
5 lbs. bran, 5 lbs. oats. 

28.— 20 lbs. prairie hay, 10 lbs. com fodder, 5.7 lbs. com meal, 2.9 lbs. 
bran, 1.4 lbs. oil meal. 
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New Hampshire, 

29a. — 10 lbs. clover and witch grass hay, 10 lbs. corn stover, 5 lbs. un- 
thrashed barley, 2 lbs. corn and coo meal, 2 lbs. shorts, 2 lbs. cotton 
seed meal. 

29b.— 11.7 lbs. clover and witch gra^s hay; 3.8 lbs. oat straw, 10 lbs. 
meadow hay. 2 lbs. shorts, 2 lbs. corn and cob meal, 1 lb. ground 
pease, 1 lb. oats, 1 lb. barley. 

89c. — 10 lbs. meadow hay, 10 lbs. corn stover, 5 lbs. pea straw, 2 lbs. 
midrliins^s 1^ lbs. gluten meal, 1^ iba. cotton seei ine^L, 2 lbs. 
orri aid cob meal. 

89d. — 10 lbs. clover and witch grass hay, 10 lbs. meadow hay, 5 lbs. pea 
straw, 2 lbs. shorts, 1 lb. gluten meal, 1 lb. cotton seed meal, 2 lbs. 
corn and cob meal. 

30. — 35 lbs silage, 7 lbs. hay, 20 lbs. brewers* grains, 1^ lbs. gluten meal,, 
1^ lbs. cotton seed meal, 1^ lbs. shorts, li lbs. linseed meal. 

New Jersey. 

81a.-^24 lbs. com silage, 8 lbs. com meal, 2 lbs. bran, 4 lbs. oats, 2 lbs. 
oil meal. 

81b. — 24 lbs com silage, 4 lbs. com meal, 2 lbs. bran, 6 lbs. oats, 2 lbs» 
oil meaL 

New York. 
82.— 20 lbs. hay, 2 lbs. bran, 2 lbs. cotton seed meal, 2 lbs. hominy meal. 

83a.— 40 lbs. com silage, 10 lbs. com fodder, 2^ lbs. cotton seed meaU 
2 lbs. N. P. linseed meal, 4 lbs. wheat bran. 

83b, — 35 lbs. prickly comfrey, 10 lbs corn fodder, 2^ lbs. cotton seed 
meal, 2 lbs. N. P. liuseed meal, 4 lbs. wheat bran. 

84. — ^25 lbs. com silage, 7 lbs. mixed hay, 4 lbs. com meal, 5 lbs. bran, 
•^ lb. oil meal, i lb. cotton seed meal. 

85.-^0 lbs. corn silage, 15 lbs. hay, 2 lbs. linseed meal, 4 lbs. wheat bran, 
2 lbs. corn meal, 2 lbs. oat meal. 

86. — 40 lbs. corn silage, 10 lbs. timothy hay, 6 lbs wheat bran, 8 lbs. com 
meal, 2 lbs. oil meal. 

87.— 50 lbs. corn silage, 5 lbs. hay, 4 lbs. bran, 2 lbs. linseed meal, 1 llx 
cotton seed meal, 1 lb. ground rye. 

88.-28 lbs. of hay, 4 lbs. ship stuff. 

89.— 20 lbs. hay, 2i lbs. bran, 4i lbs com and cob meaL 

40.— 15 lbs. clover hay, 4 lbs. corn stover, 4 lbs. timothy hay, 1.8 ite. 
com meal, t Ih. oats, i lb. bran, 5.7 lbs. carrots. 

41,_40 lbs. com silasre, 15 lbs. hay, 6 lbs. bran, 2 lbs. cotton seed meal, 8 
lbs. com meal. 

42.-28 lbs. hay, 4 lbs. bran, 2 lbs. cotton seed meal, 2 lbs. com meal. 

48a.— 80 lbs. com fodder, 2.8 lbs. ground oats, 1.2 lbs. com meal, .6 lb. 
bran, .6 lb. oil meaL 

«8b.— 80 lbs. com fodder, 8 lbs. com meal, 1.6 lbs. ground oats, .8 lb. 
bran. .8 lb. linseed meal. 
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44.— 40 lbs. com silage, 8 lbs. cotton seed meal, 18 lbs. corn-starch feed. 

46. — 80 lbs. com silage, 12 lbs. clover haj, 8 lbs. wheat middlings, 1 Ih. 
oil meal. 

46.— 40 lbs. com silage, 15 lbs. hay, 9 lbs. wheat bran, 4^ lbs. germ meal, 
1 lb. oats, 1 lb. wheat, 1 lb. barley, 1 lb., corn, ^ lb. linseed meal. 

47.-20 lbs. hay, 2^ lbs. cotion seed meal, 2i lbs. corn meal, 8 lbs. shorts. 

48. — 9 lbs. clover hay, 9 lbs. timothy hay, 5 lbs. com fodder, 5 lbs. of oat 
and pea straw, 1 lb of oats, 1 lb. buckwheat middlings, 1 lb. 
com, 1 lb. r>e bran, 1 lb. wheat bran', 1.6 lbs. cotton seed moal. 

49. — 12 lbs. timothy hay, 1 lb. bran, 1 lb. middlings, 2 lbs. corn meal, 2 
lbs. cotton seed meal, 40 lbs. skim milk. 

60.— 42 lbs. com silage, 2^^ lbs clover hay, 2i lbs. timothy hay, 8 lbs. com 
and cob meal, 14 lbs. dried brewers' grains. 

61. — 86 Ibe. com silage, 4 lbs. clover hay, 4 lbs. timothy hay, 2 lbs. wheat 
bran, 5 lbs. cotton seed meal. 

* 

North Carolina, 

62.— 80 lbs. corn silage, 8 lbs. fodder com, 8 lbs. com meal, 8 lbs. bran, 1 
lb. cotton seed meal. 

North Dakota, 
68. — 82 lbs. prairie hay, 6 lbs. bran« 

Ohio, ^ 

64.-26 lbs. clover hay, 84 lbs. mangolds, 8 lbs. com and cob meal, 1^ 
lbs. oats, 2 lbs. wheat bran. 

66.— 60 lbs. com silage, 8 lbs. clover hay, 6 Ibfl. '^seconds''. 

66. — 80 lbs. com silage, 8 lbs. com stover, 6 Ibe. bran, 4 lbs. malt sprouts, 
1 lb. oil meal. 

67. — 10 lbs. clover hay, 20 lbs. com stalks, 8 Ibe. com meal, 8 lbs. com 
and cob meal, 1 lb. bran, 8 lbs. roots. 

I8,--4X> Ibfl. com silage, 9 lbs. clover hay. 

Pennaylvania, 

69. — 46 lbs. com silage, 7 lbs. mixed hay, 6 lbs. bran, 2 lbs. cotton seed 
meal. 

^, — 10 lbs. clover hay, 6 lbs. timothy hay, 2^ lbs com fodder, 6^ lbs. com 
meal, 2 lbs. oats, 8.2 lbs. bran, li lbs. oil meal, 16 lbs. carrots. 

61. — ^24 lbs. com fodder, 6.1 lb. bran, 6.1 lbs com meal, .8 lbs. cotton seed 
meal, 2 lbs. oil meal. 

02. — ^10 lbs. com fodder, 6 lbs. hay, 8^ lbs. bran, H lbs. cotton seed meal, 
li Iba. oil meal, 2i lbs. corn meal. 

^—15 ibe. com silage, 22 lbs. sugar beets, 10 lbs. hay. 6.4 Ibd. oats, 7 
lbs. com meal. 

64.— 40 lbs com silage, 8 lbs. clover hay, 6 lbs. ooane linseed meal. 

66. — ^10 lbs. hay, 6 lbs. com fodder, 6 lbs. com meal, 8 lbs. wheat bran. 
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66.— 40 lbs. com silasre, 10 lbs. mixed hay, 4 Ibe. com meal, 4 Ibe. wheai 
bran, 2 lbs. cotton seed meal. 

67.— 40 Ibe. com silage, 7 lbs. bay, 1 lb. straw, 2 lbs. oil meal, 2 lbs. com 
and cob meal, 2 lbs. wheat bran. 

Texas, 
68. — 80 lbs. com silage, 18^ lbs. sorghum hay, 1.8 lbs. com meal, 2.6 lbs. 
cotton seed meal, 2.2 lbs. cotton seed, 1.8 lbs. wheat bran* 

Utan, 
69. — 85 lbs. alfalfa hay, 6| lbs. wheat bran, 8^ lbs. barley. 

Vermont. 

70. —35 lbs. com silage, 10 lbs. mixed hay, 2 lbs. bran, 8.2 lbs. com meal, 

1 lb. linseed meal, .8 lb. cotton seed meal. 

71. — 20 lbs. com silage, 14 lbs. hay, 8 lbs. bran, 2 lbs. gluten meaL 

72. — 80 lbs. com silage, 10 lbs. hay, 4.2 lbs. corn meal, 4.2 lbs. bran, .81bw 
linseed meal. 

78. — 80 lbs. com silage, lO^bs. hay, 2 lbs. corn meal, 2 lbs. gluten meal, 

2 lbs. bran. 

74. — 80 lbs. hay, 1.8 lbs. wheat bran, .9 lb. wheat middlings. 

West Virginia, 

75.-48 lbs. corn silage. 2^ lbs. corn and cob meal, 2^ lbs. ground wheat 
2i lbs. oats, 2i lbs. barley meal. 

Washington, 
76.— 15 lbs. alfalfa hay, 7 lbs. bran, 7 lbs. shorts, 2 lbs. malt sprouts. 

Wisconinn, 

77.— 30 lbs. com silage, 8 lbs. hay, 5 lbs. oom fodder, 4 lbs. oatB, 2 lbs. 
pea meaL 

78.— 40 lbs. corn silage, 8 lbs. clover, hay, 6 lbs. bran, 2 lbs. pea meed. 

79. — 32 lbs. corn silage. 5 lbs. clover hay. 5 lbs. corn stalks, 8 lbs. bran, % 
lbs. cotton seed meal, 2 lbs. oat straw. 

80. — 12 lbs. timothy hay. 5^ lbs. corn fodder, 6 lbs. com meal, 2 lbs. oats, 

2 lbs. barley, 5 lbs. bian, 7^ lbs. potatoes. 

81. — 26 lbs. corn silage, 10 Ihs. clover hay, 5 lb8.'timotl^hay, 8 lbs. wheat 
middlings, 1^ lbs. oil meal. 

82. — 25 lbs. uncut corn silage, 10 lbs. clover hay, 9 lbs* bran. 

83.— 40 lbs. corn Bilage, 5 lbs. clover hay, 5 lbs. timothy hay, 4| lbs. bran, 
4^ lbs. middlings. 

84 — 45 lbs. com silage, 12 lbs. clover hay, 8 lbs. shorts, 4 lbs. com meal. 

85. — 25 lbs. roots, 8 lbs. oat meal, 8 lbs. oil meal, 15 lbs. hay, 10 lbs. oom 
fodder, 4 lbs oat straw. 

86. — 22 lbs com silage. 4 lbs. clover hay, 4 lbs. timothy hay, 2 lbs. oat 
straw, 2 lbs. com stalks, 6 lbs. wheat screenings, 2 lbs. miUt 
sprouts, 2 lbs. oil meal, 1 lb. wheat bran. 
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H7. 24 lb«. com silage, 15 lbs. com fodder, 5 lbs. clover hay, 6 lbs. bran. 

bS.— 19 lbs. com fodder, 9 Ibe. clover hay, 1 lb. barley straw, 4 Ibe. com 
meal, 8 lbs. barley meal, 3 lbs. bran. 

81). — 40 lbs. com silage, 10 lb««. fodder com, 2 lbs. com stalks, 2 lbs. oat 
Htraw, 5 lbs. ground oats, 5 lbs. barley. 

90.— 17 lbs. corn silage, 17 lbs. timothy hay, 1.7 lbs. corn stalks, 2 lbs. oat 
straw, 1.7 ibe. oil meal, 2.7 lbs. oats, 1.7 lbs. bran. 

91.— 50 lbs. com silage, 5 lbs. sheaf oats, 6 lbs. corn fodder, 1 lb. clover 
hay, 1 lb. millet, 2.7 lbs. cotton seed meal, 1.3 Ibe. of oil meal, 6 
lbs. bran. 

Canada, 
92—40 lbs. com silage, 5 Ibsu hay, 5 lbs. straw, 4^ lbs. bran, 4i lbs. oats. 
93.-45 lbs. com silage, 5 lbs. hay, 5 lbs. bran, 3 lbs. cotton seed meaL 

94.-45 lbs. tumips, 7 lbs. of wheat chaff, 15 lbs. silage, 2^ lbs. oats, 21 
lbs. pea meal. 

95. — 80 lbs. corn silage, 12 lbs. hay, 10 lbs. ground oats. 

96. — 40 ^bs. com silage, 80 lbs. tumips, 8 lbs. clover hay, i lb. straw, 
2\hs. oats, 2 lbs. wheat bran. 

97. — 50 lbs. com silage, 10 lbs. clover hay, 8 lbs. straw, 5 lbs. pea 
meal, 2 lbs. oats. 

98.-30 lbs. com silage, 7i lbs. hay, 6i lbs. straw, 25 lbs. turnips, 1.3 lbs. 
pea meal, 2.5 lbs. oats, 1.3 lbs. barley. 

99.-85 lbs. com silage, S lbs. English hay, 30 lbs. carrots. 1.2 lbs 
bran, 1.8 lbs. middlings, 8 lbs. cotton seed meal, 1 lb. oat. v 
lbs. wheat. 

100. — 40 lbs. corn silage, 7^ lbs. clover hay, 3 lbs. straw, H lbs. oats, H 
lbs. barley, li lbs. pea meal, 3 lbs. wneat bran, 1 lb. cotton seed 
meal.* 

* In BuUetia No. 38 of this Station, of which the present article ia 
largely a reprint, extracts from correspondence with the farmers fur- 
nishing the preceding rations are given; the extracts throw a great deal 
of light on the systems of farming followed, farmers' opinions concern- 
ing the feeding value of different cattle foods, etc., but space forbids 
more than a mer& reference to the Bulletin at this place. 
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NUTRIENTS IN PRECEDING RATIONS. 

The nutrients in the rations given in the preceding 
pages are shown in the following table. The composition 
and the digestibility of the various feed stuffs were taken 
from the compilation published in the latter part of the re- 
port. For an explanation of technical terms used in the 
table and in discussions throughout this report, see the 
chapter on Composition of Feeding Stuffs by the writer. 
For the sake of comparison the components of the rations 
have been calculated per 1,000 lbs. live weight. 

Nutrients in 100 American winter rations for dairy ootos, in lbs* 





Or^ranio 
matiar. 


D1GBSTIBI.B Matter. 


Nutr. 


No. 


Protein. 


Carbhydr. 


Fat. 


TotaL 


Ratio. 


Colorado, 

1 


81.09 
85.65 
80.09 
21 92 


t.TO 
4.84 

8.14 
2.06 


15.78 
18.12 
14.01 
18.85 


.80 

1.10 

.81 

.70 


19.28 
28.56 
17.96 
16.11 


1:6.6 


2 

8 


1:4.7 
1:6.0 


4 


1:7.2 


Average... 


30.44 


^,06 


1^.Z2 .«5 


J9.93 


1:5,6 


Connecticut, 

6 


9S.70 


2.69 


13.96 


.97 


17.62 




1:6, Q 




rr . ■»»■«- , 




illinois. 

6 


22.09 
19.06 
19.20 
28.86 
22.72 


2.87 
l.SO 

2.17 
1.68 
1.60 


12.06 
10.67 
10.24 
13.24 
18.02 


.76 
.61 
.98 
.65 
.65 


16.18 
12.68 
18.84 
15.47 
15.27 


1:5.8 


4 

7 


1:7.9 


8 


1:6.7 





1:9 8 


10 


1:9.0 






Average. . . 


91.^9 


1.H4 


11.8S 


.70 


1439 


1:7,% 


Indiana. 

11 


26.06 
27.08 
27.81 


8.24 
2.76 
2.64 


12.94 
14.80 
16.61 


1.07 
.90 
.92 


17.28 
17.96 
20.07 


1:4.7 


12 


1:6.9 


18 


1:7.8 






Average. . . 


26 97 


2.SR 


14 61 


,96 


18.42 


lzS,% 
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NutrumU in 100 American tointer rations for dairy ooii», in {&«.<^continued« 





Ortranlo 
matter. 


DiOKSTIBLB MATTBB. 


Niitr. 


No. 


ProtelQ. 


Carbhydr. 


Fat. 


Total. 


lUilo. 


iowa. 

14 


24.77 
22.06 
82.80 


1.84 
1.81 

2.81 


16.01 
12.16 

18.00 


.70 
1.09 


17.11 

• 

14.67 
21.90 


1:12.8 


16 


1:7.6 


16 


1:7.8 






Average... 


20,58 


1.09 


15,05 


,85 


17.89 


1:8.5 


Mianacu 

17... 


17.39 


136 


10,43 


,48 


12.27 


1:8,5 


Xentuckjf, 

18 


24,62 


2.38 


14,04 


.91 


17,33 


1:6,7 






Mcutachusetta. 
19 


19.96 
19.72 
80 81 


2.15 
1.68 
2.80 


10.48 
1U80 
15.68 


.75 
.68 
.09 


« 

18.88 

.... 18.46 

19.49 


1:5.7 


20 


1:8.8 


21 


1:6.4 


Average... 


23 33 


2.16 


12.45 


.79 


15.40 


1:6.0 


MOcMgan. 

22 


18.45 
84.82 


1.45 
2.41 


10.06 
18.49 


.55 

.74 


12.08 
21.64 


1:7.8 


28 


1:8.8 






Average... 


26 39 


1 93 


14.28 


.65 


16 86 


%i8.1 


MInnesotcu 

24 


19.00 
19.82 . 
25.61 


1.40 
1.75 
1.92 


11.10 
10.64 
14.75 


.48 
.60 
.41 


12.96 

12.99 

17.08 

14 35 


1:8.7 


25 


1:6.8 


26 


1:8.8 






Average. . . 


21 34 


1 69 


12.16 


.50 


1:7 9 


tMn-cuikci, 

27 


22.47 
29.96 


1.85 
8.15 


12.27 

17.18 


.71 
.78 


14.83 
20.06 


1:7.6 


28 


1:8.7 






Average. . . 


26.29 


2.00 


14 73 


.72 


17 45 


1:8.^ 


jr«t0 Hampshire, 
29a 


25.50 
28.97 
26.12 
28.86 
20.88 


2.89 
1.88 
8.24 

8.84 
2.51 


14.87 
15.47 
18.65 
18.68 
10.19 


.70 
.58 
.65 
.82 
.91 


17.46 
17.88 
16.54 
17.84 
18 61 


1:6.7 


29 b 


1:8.8 





1:6.7 


«9d 

80 


1:5.5 
1:4 9 


Average... 


23 84 


2 43 


12.24 


.79 


15 46 


1:5.8 
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IMrients in 100 American winter rations for dairy cows, in Rw.— continued* 





Orsranlo 
matter. 


DiOKSTIBLie Mattbel 


Nutr. 


No. 


Protein. 


CarbUydr. 


Fat. 


Total. 


Ratio. 


Jir«i0 Jersey, 

81a 


19.41 

17.72 


8.06 
1.96 


11.71 
10.09 


.87 
.79 


14.64 
12.84 


1:6.& 


81b 


1:6.0 


Ayerage. 


18.B7 


» 01 


10.90 


.83 


13.74 


1:6.0 


Weuf York, 

82 


96.19 

81.41 

16.69 

19.98 

84 81 

23.38 

26.92 

23.38 

21.69 

22.13 

88.18 

27.76 

28.87 

80.14 

18.29 

28.66 

89.16 

88.86 

84.68 

86.78 

81.80 

18.87 


8.86 
8.68 
8.81 
1.81 
2.80 
1.94 
2.89 
1.27 
1.83 
1.60 
2.89 
2.44 
1.81 
2.01 
2.62 
2.87 
2.41 
2.70 
2.18 
8.60 
8.37 
2.68 
2.37 


18.78 
11.42 
7.78 
11.46 
19.29 
13.16 
14.99* 
12.63 
13.27 
11.10 
18.24 
14.65 
16.90 
18.19 

9.96 
14.78 
16.98 
14.90 
12.01 
1406 
16 81 

8.94 


.79 
.78 
.64 
.66 

1.07 
.77 

1.07 
.86 
.40 
.47 

1.12 

.;6 

.86 

.93 

1.06 

.88 

.86 

.88 

.67 

1.12 

1.81 

.84 


16.93 
14.83 
10.63 
13 93 
23.16 
16.86 
18.46 
14.26 
16.00 
18.17 
22.25 
17.84 
19.66 
21.13 
13.63 
% 18.48 
20.24 
18 48 
14.81 
18.67 
20.99 
12.56 


1:6.^ 


83 a 


1:5 a 


88 b 


1:4.1 


0% ••••••• ••• 

86 


1:7.J 
1:7.7 


86 


1:77 


87 


1:7.» 


88 

89 


1:10.6 
1:10.6^ 


40 


1:7.* 


41 

42 

48a 


1:7* 

1:6.7 

1:10.4 


43 b 


1:10.1 


44 


1:4.7 


46 


1:6.8 


46 


1:7.8 


47 

48 

49 ... 

60 


1:6.8 
1:6.8 
1:4.7 
1:6.7 


61 


1:4.1 


▲yerage. 


2S.SS 


18.88 


.84 


17,09 


1:6.9 


North Carolirui, 
62 


90.38 


1,79 


11.98 


.80 


14,67 


1:7.7 






B&rth DakotcL, 

68 


27.64 


1.74 


14.86 


.4S 


17,0S 


1:9.% 
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Nutrients in IQO American winter rations for dairy ctvs, m /i^«.— continued. 





Orgranlc 
mutter. 


PiGESTiBLE Matter. 




Ko. 


Prptein. 


Carb- 
h>dr. 


Fat. 


Total. 


Nnt-r. 
Uabio. 


<NUo. 

64 


18.63 
20.26 
16.77 
26.63 ' 
15.98 


1.72 
1.63 
1.91 
1.80 
1 03 


9.07 
10.96 

9.13 
15 76 

8.48 


.47 
.63 
.48 
.67 
.40 


11.26 
13 n 
11.52 
18.23 
9.91 


i 

• 

1:5 9 


65 


1:8.1 


66 


1:5.3 


67 

68 


1:9.6 
1:9.1 


Average... 


19.63 


1.S9 


10.68 


.R3 


12.80 


1:7.5 


Penfuvlvania. 

69 


19.87 
27.55 
26.fi2 
20.05 
26.86 
28.43 
23.84 
24.28 
20.30 


9.01 
2.60 
2.68 
2.31 
1.86 
2.82 
1 69 
2.20 
1.62 


10.69 
17.47 
15 74 
11 00 
16.06 
11.53 
14.27 
13.54 
11.80 


.69 
.90 
.90 
.72 
.79 
.93 
.64 
.92 
.64 


13.29 
20.97 
19.17 
14.03 
18.70 
15.28 
16.60 
16.66 
13.56 


1:6 


60 


1:7.5 


61 

62 


1:7.0 
1:5.4 


63 

64 

65 


1:9.6 
1:4.8 
1:9.8 


66 


1:7.2 


67 


1:7.8 


Average... 


»3.S7 


2.i8 


13.50 


.79 


16.47 


1:7.0 


Teaeat. 

68 


»e ss 


2.21 


12 31 


1.80 


15.82 


1:6.9 






Utah. 

69 


31.63 


8.20 


1B.36 


1 
.S7 


19.13 


1:5.2 






Vermont, 

70 


26.99 
20.29 
24.28 
27 25 
26.06 


2.06 
1.64 
1.86 
8.16 
1.42 


14.67 
11.09 
14.08 
15,69 
14.02 


.89 
.48 
.76 
.79 
.38 


17.62 
18.21 
16.64 
18.64 
15.82 


1:8.0 


71 

72 


1:7.4 
1:8.4 


• 

78 


1:8.0 


74 


1:10.6 






Average. . . 


»4.74 


1.83 


13.86 


.66 


16.35 


1:8.4 


We$t Virginia. 
76 


22.37 


1.S4 


14.1S 


.72 


16.41 


1:10.2 
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NvMenU in 100 Ameriean winter rationMfor dairy cows, in 2&8.— oontinaed. 





Or^nlo 
matter. 


DiOaSTXBLB tfjLTTBB. 


Nutr. 


No. 


Froteiii. 


Carbhydr. 


Fat. 


Total. 




• 

76 


91.60 


2,€8 


10 S4 


,es 


1S.77 


1:4.4 


WUconHn. 

77 


18.05 
85.16 
87.84 
87.34 
81.00 
83.68 
85.24 
84.82 
86.90 
85.25 
82.13 
84.42 
84 79 
86.17 
83.79 


1.86 
8.40 
8.86 
8.01 
8.01 
8.34 
8.18 
8.85 
8.11 
8.54 
1.66 
1.86 
1.59 
1.65 
8.73 


10.19 
18.60 
18.80 
16.60 
16.08 
18.17 
18.65 
18.79 
14.43 
13.28 
18.88 
14.82 
15.02 
18.86 
12.46 


.44 

.66 
.98 
.76 
.87 
.64 
. .68 
1.18 
.70 
.66 
.67 
.59 
.86 
.62 
.99 


11.89 
16.66 
17.68 
19.87 
19.90 
16.16 
16.46 
82.76 
17.84 
16.48 
14.66 
16.66 
17.47 
16.62 
16.18 


1:8.9 


78 


1:6.8 


79 


1:5.5 


80. 


1:8.9 


81 

83 

88 


1:6.0 
1:5.8 
1:7.1 


84 


1:7.5 


85 


1:7.6 


86 


1:6.8 


87 


1:8.8 


88 


1:8.4 


89 


1:10.6 


90 


1:8.9 


91 


1:5.4 






Average... 


»S.63 


.2,19 


1^,98 


.74 


16 91 


1:7.1 


Ctonado. 

98 


19.70 
83.95 
16.61 
83.98 
17.13 
88.78 
86.51 
80.63 
82 96 


1.86 
8.78 
1.05 
1.68 
1.23 
8.03 
1.49 
8.23 
8.08 


10.60 
18.46 

8.49 
18 07 

9.29 
12.89 
14.87 
11.44 
12.17 


.68 
.97 
.81 
.74 
.61 
.64 
.67 
.79 
.71 


12.49 
16.21 
985 
15.39 
11.03 
15.46 
16.93 
14.46 
14.96 


1:8.7 


93 


1:5 8 


94 


1:8.7 


95 


1:9 8 


96 


1:8.5 


97 


1:6 9 


98 


1:10 8 


99 


1:6 9 


100 


1:6 6 






▲▼erage.... 


91.57 


1,76 


11.69 


.63 


14,08 


1:7,4 
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disocssion of results. 

Number of cows. — The hundred herds, the feeding of 
which we are here considering, contained in the aggre- 
gate 2,921 cows in milk during the winter of 1893; the herds 
contained from 5 to 150 animals, the average number be- 
ing 29 animals. 

Breeds represented — Nearly all the different breeds of 
milch cows found in this country are represented in the 
herds; the Jerseys lead, and next in number come the Hol- 
steins, Short Horns, Guernseys and Ayrshires, in the order 
given, with single representatives of the Brown Swiss, Red 
Polled and Devon cattle. 

Yield of milk and ftw^^er.— Referring to the comment 
on these figures on p. 87, we note that the average annual 
yields of milk and butter reported were 6,3i4lbs. and 303 
lbs. per head, respectively; 08 farmers reported their average 
yields of milk and 5 1 those of butter. The yields range from 
3,000 to 12,000 lbs. of milk, and from 165 to 497 lbs. of butter. 

Average per cent, of fat in herd milk. -The average per 
cent, of fat in herd milk was reported by 54 farmers; the 
figures range between 3.5 and 6.0 per cent., with a general 
average of 4 59 per cent. 

The farmers giving the average fat content of their herd 
milk were not always the same as those reporting the an- 
nual milk and butter product per cow, so that the average 
figures for these data are not directly comparable. In 
going over all the figures carefully it seems very likely 
that the average yield of butter reported is very nearly cor- 
rect; while it may have been overestimated in some cases, 
in others no allowance was made for the milk consumed as 
such, so that the average may be considered about right, 
that IS, a little more than 300 pounds of butter per year per 
cow. 

This is a good average yield and may be considered a 
good standand. It has been exceeded by our dairjmen 
only by a careful system of grading up their herds and 
weeding out poor cows, along with rich feeding and ap- 
plication of modern methods of creaming and churning. 
While our best dairymen do still better than this, exceeding 
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the average by one hundred, and in single instances by near- 
ly two hundred pounds, the majority of dairy farmers do not 
reach it. The only way in which such a result can be 
reached, is by following the example set by men like those 
whose work is reported in the preceding pages: by a care- 
ful study of all conditions entering into the dairy business 
as factors, the kind of cows kept, the system of feeding, 
the making and sale of the products, etc. 

Ot late years it has come to be considered more and more 
essential to learn the value of each individual cow in the 
herd; for this a Babcock milk tester and a reliable pair 
of scales are indispensable, and a^so a looking into the feed 
account of each cow; the best cows are the ones that give 
the largest quantity of products at the least relative ex- 
pense of food and labor, and neither they nor the poor cows 
in the herd can be found out except by a careful study of 
both food consumed and products obtained in each single 
case. This means opening up an account with each individ- 
ual cow in the herd, in a measure in the same way as a store 
keeper keeps a special account with each customer. 

I'irne during which cows go dry. — As will be learned by 
a glance at the tables, pp. 89-95, the practice followed by the 
majority of farmers in regard to the drying off of cows is to 
give them a rest of from one to two months previous to 
calving. Some farmers report that they cannot dry off 
their cows, or only with difficulty, but they are in the mi- 
nority; the practice of milking up to the time of calving is 
strongly condemned by the best authorities; it impairs the 
constitutional strength of both mother and calf, and 
reduces the production of milk or butter during the subse- 
quent lactation period. 

The time when the cows are generally dried off, is gov- 
erned by local conditions and business methods. If a far- 
mer has a winter dairy, or supplies milk or cream to a 
creamery, ho will dry off his cows in the latter part of the 
summer when dairy products are low; if he delivers milk 
or supplies butter to private customers he wants about the 
same quantity of milk the year around, and arranges it 
to have his cows come in at all seasons, etc. 
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Feeding stuffs used — The rations given on pp. 96-10 L, in- 
clude three succulent feeds, eighteen coarse dry fodders, 
twenty seven concentrated feed stuffs, six kinds of roots and 
tubers, and one miscellaneous feed (skirh milk), in all 56 
different kinds of feeds; nearly two- thirds of the rations are 
made up of the twenty -two feeding stuffs given in the follow- 
ing list showing the number of times which the more im- 
portant feeds appear in the rations; it will give a good idea 
of their relative economy and the favor in which they are 
held as winter feeds for dairy cows by our farmers. 



ConiKllage ©4 tlmwi. 

Boots latlmeB. 

Coin fodder and stalks 85 times. 

Mixed hay 42 times. 

Timothy hay 21 times 

Oat straw 16 times. 

Glover hay 40 times. 

Wheat bran 78 times 

Wheatshorts 13 times. 

Wheat middlings U times. 



Com meal... ..4Stinu 

Com and oob meal »«.,. 14 

Wheat - Stlmeik 

OatB astlmea. 

Barley IStlmaa. 

Linseed meal... 87Umeii 

Cotton t^eedmeal 85 times. 

Pea meal i tf times. 

Halt sprouts 8 times. 

Gluten meal StimeSk 



Nutrients fed in the various rations. — The tables on pp. 
102-106,' show the nutritive groups in the various rations, 
calculated per 1,000 lbs. live weight. As only a few rations 
were secured from some of the states, the average figures 
for each state do not offer reliable data for comparison. 
In the following table the states represented have been 
grouped in this manner. 

New England States, — New Hampshire, Vermont, Massachusetts, Con- 
necticut. 

Middle States. — New York, New Jersey, Pennsylvania, West Virginia. 

Central States,— JUinoiB, Indiana, Ohio, Kentucky, Iowa, Kansas, Ne- 
braska. 

North Central States. — Wisconsin, Michigan, Minnesota, North Dakota. 

Southern States, — North Carolina, Texas. 

Becky Mountain States. — Colorado, Utah. 

Pacific States.— WtLahmgton, 

Including the rations given in the tables referred to 
under these groups we have the following summary: 
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■ 


No. of 
rations. 


Or^Tfttiio 
matter. 


Protein 


Carb- 
hydr. 


Fat. 


TotaL 


Nutr. 
Batlo. 


NewBnsUnd States 


11 

81 

80 

81. 

8 

6 

1 

9 


84.88 
84.66 
89.97 
85.79 
88.48 
80.81 
81.60 
81.67 


8.10 
8.87 
1.97 
8.06 
8.00 
8.12 
8.68 
1.78 


18.19 
18.68 
18.78 
18.79 
18.14 
16.89 
10.54 
11.69 


.76 
.88 
.78 
.68 
1.05 
.79 
.66 
.68 


16.04 
16.77 
16.47 
16.66 
15.19 
19.80 
18.77 
14.06 


1:7.1 


Middle States. 


1:6.8 


Oentral States 


1:7.8 


North Central States.... 

Southern States 

Booky Mountain States 

Paeiflo States. 


1:7.8 
1:7.8 
1:5.6 
1:4.4 




1:7.4 







We notice here a general similarity in the make-up of the 
rations considered in the preceding pa^es ; excluding the 
six rations from the Rocky Mountain states and Washing- 
t<m, the average rations vary only slightly, and practically 
not at all in the relation of nitrogenous to non-nitrogenons 
digestible constituents (nutritive ratio), which in all cases 
is about as 1:7. The rations, therefore, corroborate the re- 
sults found by an examination of all data on this point 
available when published by the writer in the ninth annual 
report of this Station. Including the twenty eight rations 
previously published, and combining the New England and 
Middle states, the Central and North Central states, the 
Rocky Mountain states and Washington, we have the fol- 
lowing table of summarv: 

Summary of rations for dairy eows. 



Sastem states 

Mlddlestates 

Southern states • 

Western states •.••..•.. 

Oanada 



No. of 
rations. 



66 
66 

8 
6 
9 



Opjranlc 
iiatier. 



84.88 
84.64 
88.48 
89.83 
81.67 



DiOBSTIBUI MATTBB. 



Pro- 
tein. 



8.80 
8.08 
8.00 
8.06 
1.76 



Carbh. 



18.81 
18 87 
18.14 
14.58 
11.69 



Fat. 



.77 
.78 
1.06 
.76 
.68 



Total. 



16.88 
16.17 
15.19 
18.88 
14.08 



Nutr. 
Batio. 



1:6.8 
1:7 8 
1:7.8 
1:6.8 
1:7.4 
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As will be seen, the average rations fed in the Eastern, 
Southern and Middle states are very nearly identical; the 
Canadian rations are all lighter rations than these (with 
but one exoeptioa), while the nutritive ratio is slightly 
wider. An examination of the table on p. 95 will suggest 
the reason for the light Canadian rations; eight out of the 
nine farmers reporting give breeding as their specialty of 
farming. 

The western rations are greatly heavier and of a nar- 
rower nutritive ratio, owing to the large extent to which 
alfalfa enters into the rations. The number of rations se- 
cured from these states is too small, however, to allow of 
generalizations as to the system of feeding practiced there. 

Combining all the above 128 rations which have been fed 
by successful dairy farmers and breeders in the various 
parts of our continent, we have the following average 
American ration, as it may be called, as against the rations 
published by German scientists, and heretofore largely used 
in this country. 

American ration for dairy cows. 



Average for 128 
herds 



Organic 
matter. 




DiOBSTiBLB Matter. 




r 

Protein. 


Carbohydr. 


Fat. 


Total. 


lbs. 
24.51 


lbs 
2.15 


lbs. 
1S.27 


lbs. 
.74 


lbs. 
16.16 



Nutritive 
ratio. 



lbs. 
1:6.9 



This ration is practically the same as the one published 
in our Ninth Report; it is believed that it will be found 
correct for our American conditions, except perhaps for 
those of the Rocky mountains and the Pacific states. While 
local conditions or the business methods of farming in some 
sections may make a ration desirable which contains more 
protein than this, and has a narrower nutritive ratio as a 
consequence, we feel conddent that in the large majority 
of cases its adoption will give satisfactory results, and that 
it is preferable to the German standard ration so long 
placed before our stock feeders as the ideal one, the nutri- 
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tive ratio of which is 1:5.4. It is the result of American 
feeding experience; the majority of our most successful 
dairymen feed in the way indicated by the ration, and we 
shall not go far amiss if we follow their example. 

The practical importance in this matter lies in the fact 
that the nitrogenous feed stuffs are generally our most ex- 
pensive foods: as the results published in the preceding 
bulletin plainly show, it will not as a rule be necessary to 
supply our cows with such quantities of them as to bring 
the proportion of nitrogenous to non-nitrogenous digest- 
ible components in their ration down to 1:5.4. Usually 
we shall not need to feed more than one- seventh as much 
of the former as we do of the latter; hence we can make 
up the rations to a large extent of feeds like corn fodder, 
corn silage, mixed hay, clover hay, corn, oats, pease, etc. ; 
and need only supply the more expensive highly nitroge- 
nous food in small quantities. 

As regards the importance of rations and feeding stand- 
ards in general, their uses and limitations, etc., the reader 
is referred to the discussions on the subject in this and 
previous reports from our Station. While we may be 
guided to some extent by their teachings, we must not be 
led blindly; the question of the proper kinds and classes 
of food stuffs to feed for any single purpose is one of prac- 
tical economics and not one of physiological chemistry. 

As the market prices of cattle foods and the local condi- 
tions vary to such a great extent with different regions, it 
is ev^ident that no universal "best" ration for milch cows 
or for any other animals can be given. It is believed, how- 
ever, that any dairy farmer can easily select a ration suited 
to his conditions from the abundant material given in the 
preceding pages. 
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ON THE COMPARATIVE FEEDING VALUE OF LINSEED 
MEAL, CORN MEAL AND WHEAT BRAN FOR 

MILCH COWS, 



F. W. WOLL. 



The question of the comparative value of linseed meal, 
corn meal and wheat bran is of a great deal of importance 
to Wisconsin dairymen. Large sums of money are paid 
out every year for concentrated feeds for the dairy herd; 
the question of which kind or kinds of feeds are the most 
economical is one frequently asked in letters to officers of 
our Station or in the agricultural press. As often ex- 
plained in discussions of this subject in previous publica- 
tions of this Station, there can be no set rule as to the 
relative value of cattle feeds, as this depends entirely on 
the combination in which the feeds to be compared are fed, 
and on the ends sought. Any data obtained in feeding ex- 
periments with different feeds will, however, be of value as 
showing their comparative effect under similar conditions 
and for similar purposes, as described in the experiments. 

The experiment reported in the following pages was 
conducted at the University farm in 1893; twelve cows 
separated into three even lots were included in the experi- 
ment. The experiment was divided into three periods of 
four weeks each. All cows received throughout the experi- 
ment a basal ration consisting of eight pounds of oat hay, 
four pounds of shorts, and yellow dent corn silage ad libitum. 
In addition the cows in the three lots received oilmeal, 
com meal and bran during the different periods as follows: 





Lot A. 


Lots. 


LotC. 


Period I 




Oil meal. 

Corn meal. 

Oil meal. 


Corn meal. 
Wheat bran. 
Corn meal. 


Wheat bran. 


Period II ... 




Oil meal. 


Period in . . 




Wheat bran. 










8 


» 
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The quantities of grain feeds given, exclusive of shorts, 
varied according to the capacity of the different cows, one 
COW in each lot receiving five pounds, two receiving four 
pounds, and one three pounds per day. Each cow was 
given the same quantity of oil meal and corn meal, or corn 
meal and bran, or bran and oil meal, during the different 
periods of the experiment. 

The following is a list of the cows included on the ex- 
periment, with information concerning their breed, age, 
dates of calving and service: 

List of COW8 on the experiment. 



Lot. 



I. 



n. 



m. 



Name. 



Beauty Native 



Breed. 



Palmera . . 
Sylvan.... 
Bessie Heifer 

Emma 

Bunn 

Daisy 

Rue 



•••• ••••••• 



Bryant , 

Doubtful , 

Oalena 

Driisy Heifer . . . 



Grade Jersey 

High grade Jersey... 
High grade Jersey. . . 

Grade Jersey 

Holstein- Jersey 

Grade Jersey 

Reg. Jersey 



High grade Jersey. . . 
High grade Jersey. . . 
High grade Jersey. . . 



Approxi- 
mate age. 


Calved. 


12 years.. 


8ept.l0/92 


4 years... 


Nov. 5... 


6 years... 


Oct. 4 


5 years... 


Sept. 25... 


11 years.. 


Sept. 30.. 


9 years... 


Oct. 26. .. 


11 years.. 


Dec 21 


8-9 years. 


Oct. 9 


4 years... 


Nov. 7.... 


4 years... 


Mayl6 ... 


9 years.. 


Sept. 9.... 


6J^ years.. 


Oct. 6 . . . 



Served. 

Dec 22 
Jan. 24 
Dec. 20 
Dec. 16 
Dec. 28 

Dec. 21 
Dec. 81 
Jan. 80 
Jan. 25 

Dec. 17 
Jan. 17 
Jan. 19 
Dec. 29 



The preliminary feeding on the experiment began 
December 27th, 1892 ; the experiment proper began January 
2d, 1893, and ended April 6th; one week of preliminary 
feeding introduced each period ; during these intermediate 
weeks the milk and food were weighed as usual, but the 
data obtained during these weeks are not included in the 
total results for each feed. The milk of each individual 
cow from each milking was weighed, sampled and an- 
alyzed separately. The sampling took place during the 
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first and fourth weeks of each period, when the cows were 
also weighed daily, and the quantity of water drank by 
each ascertained. The cows were milked twice a day by 
the same farm hands throughout the experiment, and in 
the same order, the milking beginning at 5 P. M. and 5 
A. M. sharp. The fat content and the specific gravity of 
each sample of milk were determined; the nitrogen and 
the ash contents of the milk were determined twice a 
week in composite samples of the morning and evening 
milk from each cow. Microscopic examinatiors of the 
mixed milk from each lot were further made on the first five 
days of the first and the fourth week of each period. The 
corn silage fed on the experiment was sampled once a 
week, and the grain fed and oat hay each week when the 
milk was analyzed, the sampling in all cases taking place 
at regular intervals. 

The experiment progressed without any accident of any 
kind after the first week; one of the cows of the experi- 
ment lost her appetite during this week, and as a result 
yielded very poorly; it was, therefore, considered best to 
change at once, and the cow Baisy given in the preceding 
list of cows was included on the experiment in her place. 

The Fodders Fed, — The corn silage fed on the experiment 
was from the Station circular silo, and was made from 
Pride of the North yellow dent corn ; the silo was filled 
September 8th, 1892, and opened December 8th. The corn 
was mostly dented at the time of cutting, and was in good 
condition. The silage was of a very good quality. 

The wheat shorts and bran were bought from the local 
roller mills. The oat hay was grown on the University 
farm; it was cut when the kernels were in the milk and 
cured in an exceedingly fine condition; the yield obtained 
was at the rate of about three tons per acre. 

The corn meal was from Iowa corn, and was bought in a. 
carload lot. 

The linseed meal was from the Mankato Linseed Oil Co., 
Mankato, Minn., and was new process oil meal. 
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Order of Feeding, — Hay was fed first in the morning (at 
4:45 A. M.), and in the afternoon (about 8 P. M); after 
breakfast grain was fed, being mixed with hay if any was 
left over; silage was then fed. In the afternoon grain was 
fed at about 4 o'clock, and silage a little before 5. Water- 
ing and weighing of the cows took place at 9 A. M. Feed 
boxes were cleaned out and residues that might be found 
weighed back between 10 and 11 A. M. 

The cows were not let out during the whole experiment; 
they were kept in Bid well box stalls and seemed perfectly 
comfortable all the time. When let out at the close of the 
experiment they acted in no way so as to indicate that the 
confinement had injured them. 

RATIONS FED AND DRY MATTER CONSUMED. 

The following average quantities of feeding stuffs were 
fed during the first and the fourth weeks of the different 
periods; the silage was fed ad libitum, the small quantities 
of refuse oat hay and silage are deducted from the total 
amounts weighed out and the difference averaged per day. 

Average rations eaten per head, in pounds. 



Lot A. 

Period I 

Period II 

Period ni 

LotB. 

Period I 

Period II 

Period ni 

LotC. 

Period I 

Periodn 

Period m 



(7orn 
silage. 



lbs. 
S9.4 
89.1 
42.2 

89.7 
42.2 
46.3 

88.1 
42.2 
40.6 



Oat hay. 

lbs. 
7.9 
7.9 
7.7 

7.8 
7.8 
7.8 

8.0 
8.0 
7.9 



Wheat 
shorts. 



lbs. 
4 
4.0 
4.0 



4.0 
4.0 
4.0 



4.0 
4 
40 



Oilmeal. 

lbs. 
S.5 

4.25 



4.25 



Commeal. 



lbs. 



4 25 



4.0 



4.0 



Wheat 
bran. 



lbs. 



4.0 



8.5 



4.25 
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The quantities of dry matter consumed during \ihe 
different periods are given below, the amounts consumed 
by the different lots during the weeks when the milk was 
sampled and analyzed being first given, and those con- 
sumed during the whole experiment being given in the 
latter half of the table. 

TotaJ dry matter consumed^ in pounds. 





Period I. 


• 

Period II 


Period Iir. 


Toted for six weeks— 








Lot A 


1468.9 


1420.6 


1458.8 


LotB 


14S1.0 


1491.0 


1607.1 


LotC 


1623.7 


1590.4 


1504.8 


Total for whole ejiperiment— 








Lot A 


8025. 8 
8099.0 


2974.5 
0110.2 


8086.8 


LotB 


3128.2 


LotC 


3182.0 


88S7.5 


8145.9 





Since each period contained the equivalent of 112 days 
for one cow, the average daily quantities of dry matter 
consumed by the different lots during each period were 
as follows: Lot A, 27.02 lbs., 26.56 lbs. and 27.08 lbs., for 
periods I, II and III, respectively; for Lot B, 27.68 lbs., 
27.77 lbs. and 27.81 lbs. ; and for LotC, 28.41 lbs., 29.72 lbs- 
and 28.26 lbs. 

Average Rations Fed. — The followiug average rations 
were fed to the cows in the different lots during the whole 
experiment : 

On oil meal, 40.9 lbs. silage, 7.8 lbs. hay, 4.2 lbs. oil 
meal, and 4.0 lbs. shorts. 

On com meal, 39.6 lbs. silage, 7.8 lbs. hay, 4.1 lbs. corn 
meal, and 4.0 lbs. shorts. 

On wheat braUy 41.6 lbs. silage, 7.9 lbs. hay, 4.1 lbs. 
wheat bran, and 4.0 lbs. shorts. 

Owing to pressure of other work the feeding stuffs fed 
were not analyzed beyond ascertaining the dry matter and 
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protein contained in them. If the other components are 
assumed according to the average composition of each 
food stufE and ordinary digestion coefficients are taken for 
the constituents, we find that these rations contain the 
following quantities of organic matter and digestible com- 
ponents : 



Organic matter 

Digestible protein 

Digestible carbohydrates.. 

Digestible fat 

Total digestible matter 
Nutritive ratio 



Oil meal 
ration. 



lbs. 

25.46 

2.63 

13.73 

.89 



17.24 
1: 6.0 



Com meal 
ration. 



lbs. 

25.09 

1.71 

14.68 

.76 



17.14 
1: 9.5 



Wheat 

bran 

ration. 



lbs. 

25.58 

1.97 

14.82 

.72 



17.01 
1: 8.1 



LIVE WEIGHT AND WATER DRANK. 

All cows gained in live weight during the experiment, 
viz. : from 6 pounds to 79 pounds a head; the average live 
weight of all cows during the first week of period I was 
912 pounds, and during the last week of period III 949 
pounds, or an average gain per cow of 37 pounds in 88 
days. The following table shows the average live weights 
of the cows and the quantity of water drank during the 
different periods of the experiment: 
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Average live weights and quantities of water drank. 





Live Weight, TjBR. 


Water Drank, TjBR. 


Names of Cows. 


Period I. 


Period II. 


Period HI. 


Period I. 


Period IE. 


Period in. 


Beauty 

Palmera 


1,119 
852 
784 
885 


1,132 
851 
803 
892 


1,143 
858 
816 
897 


77.0 
67.0 
61.7 

75.7 


69.1 
64.3 
43.6 
64.3 


69.6 
49.9 


Sylvan 

Bessie 2nd 


55.4 
72.6 


Averages 


910 


920 


929 


70.4 


55.3 


61.9 


Emma 

Bunn 

Daisy 


859 

1,168 

746 

919 


875 

1,201 

752 

919 


887 

1,202 

760 

949 


57.0 
77.9 
52.1 
68.4 


56.8 
73.0 
66.3 
58.9 


53.9 
67.6 
66.7 


Rue 


55.2 


• 




Averages 


923 


939 


950 


62.6 


68.8 


60 9 


Bryant 

Doubtful 

Galena 


879 

934 

1,011 

868 


838 

968 

1,030 

899 


907 

993 

1,02-2 

911 


63 4 
69.9 
72.5 
67.4 


61.4 
69.7 
72.1 
65.2 


67.7 
69.4 
68.7 


Daisy 2nd 


61.8 


Averages 


923 


946 


958 


68.3 


67.1 


64.3 



If the averages for periods I and III for each lot are com- 
pared with the figures obtained during the second period 
in each case, we find that the latter were higher or lower 
than the former as shown below : 



Live weight, lbs 
Water drank, lbs. 



Lot A. 



-j- lbs. 
— 6.1 lbs. 



LotB. 



-f 2 lbs. 
+ 2.0 lbs. 



Lot C. 



-|-51b8, 
4- .8 lbs. 



These figures show the influence of the different concen- 
trated feed stuffs on the live weight and the water drank by 
the animals; there is an increase in weight on the wheat 
bran feeding over the corn meal, and on oil meal over 
wheat bran; the water drank is lower on corn meal than 
on oil meal, higher on bran than on corn meal, and some- 
what higher on oil meal than on bran. This will be more 
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apparent if we collect the average figures for all three lots 
with each feed: 



Live weight, lbs . 
Water drank, lbs 



Oil Meal. 



928 
66.5 




Wheat 
Bran. 



940.0 
65.5 



The lots of cows were very even, so that the preceding 
figures, although each an average for only 8 cows, may be 
safely compared with one another; they show that there 
was a gain in live weight on corn meal and on wheat bran 
over the weight of the cows while on oil meal; as regards 
the water drank, the figures show that the cows drank 
most water while on oil meal, less while on wheat bran, 
and least while on corn meal. This is in accordance with 
well known physiological laws and with general experience, 
which teaches us that the feeding of nitrogenous rations is 
always accompanied by an increased consumption of water 
and an increased excretion of uroa and of urine. 



EFFECT OF FOOD ON COMPOSITION OF MiLK. 

The average composition of milk produced by each cow 
during different periods is shown in the following table : 

Average Pero^ntage Composition of Milk. 



' — " — ' ' ' 


Period I.— Oil 


Period II.— Corn 


Period III —Oil 







Meal. 




Meal. 




Meal. 


NikMES OP C0W8. 










Q 




.1 f "S a 






■*A 




«2 




■*i> 




S « 




«i 


3 « 






OS 
5- 




4 




08 




ll 






1 


— ^ 5 






2o 
3a 


• 

«8 


CO 

S-3 


• 


SO 


• 


X JO 

S'c3 


• 


P 


c8 




m 

% 




00 


8.86 





< 
.73 


CG 


El. 

3.75 


^ 


,72 


QQ 


4.28 




Beauty 


9.56 


3.52 


9.58 


3.75 


9.58 


3.46 


.71 


Palmera 


9.81 


4.78 


8 40 


.88 

1 


9.60 


6.02 


8.48 


,85 


9.56 


5.39 


3.43 


.HH 


Svlvan 


10. IJ 
9.8^ 


5.92 
5.41 

4.99 


888 
8.66 


.81 10.31 
.831 9.88 


6.98 
5.88 

5 08 


8.88 
3.68 


.79 

.82 

.80 


10.04 
9.66 


6.82 

5.78 


3 89 
3.59 


.79 


Bessie 2nd 


.81 




.80 






Av. for Lot ▲ 


9.70 


8.68 


9.81 


3 69 


9.71 


5.44 


8.59 


.?» 
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Pbriod I.— Corn 
Meal. 


Period II.— Wh 
Bran. 


BAT 

.88 
.73 
.75 
.89 

.80 


Period III.— Corn 
Meal. 


Names of Cows. 


Solids not 
fat. 


i 

4.68 
2.91 
4.69 
5.34 

4.36 


Casein and 
albumen. 


.80 
.74 
.74 
.88 

.79 


Solids not 
fat. 


i 

5.06 

3 09 

4 79 
5.62 

4.64 


Casein and 
albumen. 


Solids not 
fat. 


• 
43 

2 

5.20 
8.15 
4.92 
5.69 

4.74 


Casein and 
albumen. 

• 


4 
< 


Emma 

Bunn 

Daisy 

Rue 


9.66 

8.62 

9.68 

10.06 


3.62 
2.59 
3.22 
8.89 


9.74 

8.60 

9.74 

10 06 


3.66 

2.87 
3.59 
3.78 


9.73 

8.60 

9.64 

10.^ 


3.67 

2 42 

8.08 

3 83 


.78 

.73 

.75 

86 






Av. for Lot B 


9.49 


3.33 


9.54 


3.48 


9.47 


3.23 


.78 



Names of Cows. 



Bryant 

Doubtful 

Galena 

Daisy 2nd , 

Av. for Lot C 



Period I.— Wheat 
Bran. 



43 

o 
fl 



9.67 

9.98 

10.00 

9.76 



9.86 






4.50 
6.07 
5.34 
4 96 



flg 

S'eS 
O 



3.20 
3.86 
3. SO 
3.44 



5.22, 3 50 



xi 

09 



.79 
.82 
.73 
.76 



.77 



Period II.— Oil 
Meal. 



43 

o 

fl 

.2 • 
•a +3 

•1-1 fl* 

CO 



9.84 
9.80 
9 88 
9.85 



9.84 



43 



4.69 
5 56 
5.40 
5.11 



5.19 



?fl' 

CO "3 

CS ed 
O 



8.30 
4.08 
3.36 
3.47 



rfl 
09 



3.55 



.78 
.79 
.76 
.79 



Period T II.— Wheat 
Bran. 



43 

o 

fl 

GQ 



I 



.78 



9.71 
9.74 
9.88 
9.64 

9.74 



5.10 
6.07 
5.72 
5.51 



5.60 



.si 

$J3 



63.15 
3.62 
3.80 
3.30 



3.34 



.76 
.80 
.71 

.77 

.76 



The preceding averages are the arithmetical means of 
the data for each set of four cows and do not take into ac- 
count the quantity of milk yielded by the different animals. 

In changing the food from oil meal to corn meal in case 
of lot A the per cent, of fat in the milk from two cows 
was decreased and in that of two other cows increased; 
when the opposite change was made the per cent, of fat 
increased, on the average from .30 to .53 per cent. 

In changing the food from corn meal to bran in case of 
lot B the per cent, of fat in the milk from all four cows 
increased; when the opposite change was made there was 
also an increase in per cent, of fat, on the average from 
.06 to .23 per cent. 
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In changing the food from bran to oil meal in case of 
lot C the milk from three cows became richer in fat and 
that from the fourth cow became poorer; when the opposite 
change was made the milk from all the cows became richer, 
from .82 to .51 per cent, on the average for the whole per- 
iods. 

If the average data for periods land III in the preced- 
ing table be compared with those of period II we find that 
the influence of the substitution of corn meal, bran and oil 
meal in the ' rations of the three lots may be traced as 
shown in the following statement, the percentage of solids 
not fat, fat, casein and albumen, and ash being higher or 
lower during the second period that the average of the two 
other periods according to the sign afllxed. 



Corn Meal . 
Wheat Bran 
OUMeal ... 



Solids not 
fat. 


Fat. 


Casein &c. 


+ .14 
4- .06 
+ .04 


—.19 

+ .09 

—.82 


+ .08 
+ .20 
+ .18 



Ash. 



+ .01 
+ .01 
+ .01 



The changes in the per cent, of fat shows unanimously 
in the direction indicated in case of all four cows in the 
different lots; with the other constituents there is less 
unanimity and a less decided change. 

We find on the average that corn meal produced milk 
containing a lower percentage of fat and solids, and a higher 
per cent, of solids not fat than did oil meal; and pro- 
duced a milk containing a lower per cent, of solids, solids 
not fat, and fat than did wheat bran; wheat bran produced 
milk containing a higher percentage of solids and fat, and 
a lower per cent, of solids not fat than did oil meal. 



EFFECT OF FOOD ON YIELD OF MILK AND FAT. 

The quantities of milk and fat produced by the different 
cows during the different periods are given in the follow- 
ing table, as are also the quantities of silage eaten by the 
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cows. The data include the production during the first 
and fourth weeks of each period. 

Silage eaten and yield of milk and fat in pounds. 





Silage 
eaten. 

• 


Period T— Oil 
Meal. 


Silage 
eaten. 


Period II— 
Corn Meal. 


Silage 
eaten. 


Period III— 
Oil Meal. 




Yield 
of milk 


Yield 
of fat. 


Yield 
of milk 


Yield 
of fat. 


Yield 
of milk 


Yield 
of fat. 


Beauty 

Palmera 

Sylvan 

Bessie 2nd... 


681.0 
528.8 
484.5 
611.3 


266.9 
269.5 
160.7 
266.8 


4 

10.29 

12.88 

9.52 

14 42 


546.0 
479.0 
435.8 
66^3 


227.8 
208.0 
133.5 
212.1 
811.4 


8.54 
10.43 

7.98 
13.02 


576.5 
496.5 
416.5 
646.0 
2135.5 


212.4 
186.9 
126.5 
236.0 


9.10 
10.08 

8.05 
13.65 


Total Lot A 


2^08.6 


963.9 


47.11 


2125.1 


89.97 


761.8 


40.88 





Silage 
eaten. 


Period I— 
CoR^f Meal. 


Silage 
eaten. 


Period II— 
Wheat Bran. 


Silage 
eaten. 


Period III— 
Corn Meal. 




Yield 
of milk 


Yield 
of fat. 


Yield 
of milk 


Yield 
of fat. 

7.91 
10.22 
14.35 
11.48 
43.96 


Yield 
of milk 


Yield 
of fat. 


Emma 

Bann 

Daisy 

Rue 


503.3 
743.5 

874.8 
571.0 


lt9.5 
387.4 
216.2 
233.2 
1026.3 


8.68 
11.27 

9.52 
12.46 


542.8 
782.8 
463.0 
575.5 


156.5 
331.9 
299.9 
204.2 


481.0 
724.8 
535.0 
620.0 


152.1 
288.5 
297.3 
202.9 


7.91 

9.10 

14.63 

11.56 






Total Lot B 


2195.6 


41.93 


2364.1 


992.5 


23(50.8 


940.8 


43.19 







Period I— 
Wheat Bran. 




Period II— 
Oil Meal. 




Period III— 
Wheat Bran. 




Silage 
eaten. 




Silage 
eaten. 






Silage 
eaten. 






■ 

Yield 
of milk 


Yield 
of fat. 


Yield 
of milk 


Yield 
of fat. 


Yield 
ot milk 


Yield 
of fat. 


Bryant 


587.2 


236.5 


10.64 


599.5 


241.8 


11.34 


520.5 


207.4 


10.57 


Doubtful ... 


545.8 


159.7 


9.66 


664.0 


156 1 


8.68 


591.5 


144.3 


8.76 


Galena...... 


685.0 


304.3 


16.24 


592.0 


290.7 


16.76 


568.0 


262.2 


14.42 


Daisy 2nd . . . 


612.8 


274.0 


13.58 


744.5 
S590.0 


265.7 
954.8 


18.58 
49.35 


592.0 


227.5 


12.53 


Total Lot C 

• 


2360.8 


974.5 


50.12 


2275.0 


831.8 


46.27 
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In discussing these figures we shall only consider the 
average data for each lot. If the averages for periods I 
and III are calculated and comparisons made with the sec- 
ond period, we find in the case of the different lots : 



LotA— 
Averages for oil meal periods 

Higher for oil meal than for corn meal 

In per cent 

LotB- 
Averages for corn meal periods 

Higher for wheat bran than for corn meal 

In per cent 

LotC- 
Averages for wheat bran periods 

Higher for oil meal than for bran 

In per cent 



Yield of 



Milk. 



lbs. 

802.9 
51.5 
6.0 

983 6 

8.9 

.9 

90i.9 
51.4 
S.7 



Fat. 



lbs. 
44.00 
4.03 
.9 

42.56 
1.40 
3.3 

48 ao 

1.15 
9.4 



Per cent, 
fat. 



lbs. 

6.10 

.17 

.17 

4.38 

.10 

.lO 

5.84 

.17 

.17 



These results do not show any material difference in the 
influence of the three concentrated feeds on the production 
of milk and fat under the conditions present in this experi- 
ment. Oil meal gives a slightly better result tlian corn 
meal or wheat bran, and the latter two feeds give practi- 

§ 

cally the same results, the main difference lying in the 
somewhat higher fat content of the milk on the bran feed- 
ing. 

If the data for each feed are summarized, we find the 
total quantities of products yielded by eight cows during 
three different periods; while not directly comparable, the 
figures may be taken to express approximately the rela- 
tive efficiency of the feeds under the conditions given; 
we then obtain the following statement: 



r 
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Concentrated Feed. 



Oil meal ... 
Corn meal.. 
Wheat bran. 



Silage 
eaten 


Yield of 








Milk. 


Fat. 


lbs. 


lbs. 


lbs. 


69H4.0 


2680.0 


137.84 


©677.7 


2778.5 


12'i.9 


7000.0 


2796.8 


140.85 



Per cent, 
fat. 



5.18 
4.60 
5.01 



Increased yield on Com meal oyer Oil meaJ, per cent 

Increased yield on Wheat bran over Oil meal^ per cent . . , 
Increased yield on Wheat bran over Com meal^ per cent. 



8.7 
4.4 

7. 



—9.8 

2.2 

12.0 



-.63 
-.12 

+ .51 



The figures given in the preceding table may be taken 
to represent, ia a general way, the differences obtained 
from the feeding of the three concentrated feeds under the 
conditions given. 

Yield of Milk During the Whole Experiment. — ^As stated in 
the introduction, the milk produced by the cows on the 
experiment was sampled and analyzed during the first and 
the fourth weeks of each period; the weights of silage eaten 
and of milk produced was ascertained throughout the experi- 
ment. The data have been summarized, and similar cal- 
culations made as given in the preceding table, with re- 
sults leading to exactly the same conclusions as those 
already determined from the data obtained during the 
weeks when the milk was analyzed. For this reason we 
shall not here go over the same ground with the results 
for the whole experiment, but shall only give the total 
quantities of silage consumed during the different periods 
when different concentrated foods were fed: 
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Resultafvr whole experiment, in pounds. 





Pbriod I. 


Pbriod II. 


Period III. 




Siiagre 
eaten 


Milk 
yield 


Sllaire 
eaten 


Milk 
yield 


Silage 
eaten 


Milk 
yield 


LotA 

Lot B 


4900.7 
4133.6 
4747.6 


1891.6 
2100.5 
1082.8 


4188.0 
1655.4 
6169 1 


1615.5 
1987.7 
1S03.9 


4280.8 
4678.7 
4598.6 

18740.6 
18301.3 
14001.6 


1618.9 
1877.9 


LotC 


1657.6 


Total for Oil mee 
Total for Com M 
Total for Wheat 


i\ periods. .. 








5314 4 


[eal i>eriods. 
Bran period 








6593.9 


9m • •■••••! 






5578.1 



The total results show that about Jive per cent, more 
milk was produced on corn meal and on bran, than on oil 
meal, with the yield on corn meal and on bran practically 
the same. 



PRODUCTION OF MILK AND FAT FOR 100 POUNDS OF DRY 

MATTER. 

By comparing the data given in the first part of the pre- 
ceding table with the total yield of milk and fat during the 
corresponding weeks we are able to refer the production 
of milk and fat to a unit of 100 pounds of dry matter con- 
sumed. In the following table the data thus obtained may 
be seen: 

100 Iha, of dry matter produced. 





Lot a. 1 


1-.OT B. 


Lot C. 




Oil 
meal 


Com 
meal 


Oil 
meal 


Corn 
meal 


Bran 


Corn 
meal 

63.4 
65.86 

2.87 
2.85 


Bran 


Oil 
meal 

60.0 


Com 
meal 


Milk, lbs 


65.6 


61.7 


52.2 
58.85 

2.80 
8.00 


69.3 
2.83 


66.6 

+1 
295 

+s 


64 


65.3 
69 65 


Av. of I and III 


Diflf'ce, perct.. 

Milk Fat, Vos ... 
Av. of I and III 


8.20 


-a 

2.81 


8.27 


—.5 

8.10 


* 

8.08 
8.165 


Diff^ce, perct.. 




-7 




—» 


ft 
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If similar calculations are made on basis of dry matter 
consumed and milk produced by all cows during the whole 
experiment similar results are obtained, the difference be- 
tween the mean of the first and the third periods, and the 
second periods amounting to — 3, —1, and 4-1 percent., in 
case of lot A, B, and C, respectively. 

Grouping the data obtained during the six weeks of the 
experiment when the milk was analyzed, according to the 
concentrated foods fed, we have the following statement 
for each kind of food : 



Total dry matter eaten by four cows during six weeks, 
lbs 

100 lbs. dry matter produced— 

Milk, lbs 

Fat,lbs ■ 



Oil meal. 


Com meal. 


4517.6 


4408.7 


59.8 


63.0 


S.04 


2.81 



Wheat 
bran. 



4519.5 



61.9 
S.tl 



Increase on oil meal over corn meal 7 per cent, in yield of fat. 

Increase on corn meal over oil meal 6 per cent, in yield of milk. 

Increase on corn meal over wheat bran 2 per cent, in yield of milk. 

Increase on wheat bran over oil meal 4 per cent, in yield of milk. 

Increase on wheat bran over oil mea-l 2 per cent, in yield of fat. 

Increase on wheat bran over corn meal 9 per cent in yield of fat. 



MICROSCOPIC EXAMINATION OF MILK. 

As before stated the milk from the different lots was ex- 
amined microscopically during the first five days of the 
first and the fourth weeks of each period. It will be suffi- 
cient to give here the average data for each lot and period, 
as these will show in how far conclusions drawn are justi- 
fied. 
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Results of microscopic examinations. 



) 

▲wBAGBS For Bach Period 


Lot A. 

Oil meal— 
Corn meal. 


Lot B. 

Com meal- 
Wheat bran. 


Lot C. 

Whent bran— 
^ Oil meal. 


• 


Globules 

In .0001 

cmm. 


Relative 
size. 


Globules 

m .0001 

omm. 


Relative 
size. 


Globules 

in .0001 

cmm. 


Relative 
size. 


PeriodI 

Period III 


189 
212 


263 
261 


145 
163 

154 
144 

-10 


292 

276 


154 
179 


839 
295 






Averafireii for oil meal, corn 
meal, and wheat bran per- 
iods, respectively 

Period II 


200 
193 

-7 


262 
262 




284 
308 


167 
148 

-19 


317 
356 


Difference between Period I 
&ili,andn 


+ 39 



The results would indicate that both wheat bran and oil 
meal have a tendency to increase the size of the fat glob- 
ules in cow's milk, a conclusion which is corroborated by 
the small amount of work previously done in this line. * 



tffijiTT't t\ 



'discussion of results. 



^ The data given in the preceding pages show that under 
the conditions present in this experiment there was prac- 
tically no difference in the immediate effect of the corn 
meal and the wheat bran on the yield of the milk, and that 
there was a small difference in favor of the oil meal; as 
regards the production of fat both oil meal and bran give 
better results than corn meal, neither of these differences 
being, however, very marked. 

The plan of the experiment precludes a study of the 
effect of these foods beyond the time when they were fed 
(the residuary effect). Experiments made during late 
years both in this country and abroad show that the in- 
fluence of the food as to the productive capacity of animals 
may be extended much further than the time during which 



♦Agricultural Science, VI, 520. 
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it is being fed. In feeding experiments at Cornell University* 
the cows receiving graini while on i)astiire gave more miUc 
during six months following the period of lactation than cows 
in the same herd receiving no grain, the conditions of both lots 
of cows being strictly conformable. 

In Danish feeding experiments it was noticed that different 
lots of cows originally perfectly even in milk yield, produced 
more mUk during the later stages of the lactation period the 
richer tiie rations fed during the experiment were.f 

Kammt made similar observations and showed that it is 
possible to keep up the high production of milk and fat 
until toward the end of the lactation period by feeding 
ample and highly nutritious food, especially during the 
former part of the same. 

It is possible that the feeds fed in these experiments would 
have shown some difference in their residuary effect on the 
milk yield, but it is not likely that such would be the case, 
since whenever such an influence has been observable the im^ 
mediate effect has been marked, and even more so than the 
residuary one. The former being but slightly marked in Ihis 
experiment we may be justified iui concluding that the latter 
would be stUl less so and therefore too small to require con- 
sideration. We are then brought back to look at the effects 
observed during the course of the experiment from the view 
of ordinary practical conditions. 

The average Wisconsin prices for the three concentrated 
food compared are as follows: oil meal ?24 -per ton, com meal 
|15 per ton and wheat bran $13 per ton. The discussions en^ 
tered upon in the preceding will show that under the condi- 
tions present the wheat bran was by far the more economical 
food, since it cost less and produced more, or nearly as much 
milk or fat as either of the other feeds. The comparison comes 
out most unfavorable to the oil meal and allows of but one 
conclusion, namely, that given a good, fairly nitrogenous basal 

♦Bulletin 49, Cornell University Experiment Station. 

t27th Report Copenhagen Experiment Station; Experiment Station 

Record, IV, 601. 

X Landw. Jahrb. 21 (1892), 810. 
9 
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ration an addition of wheat bran or corn meal at the prices 
stated is in the line of economy rather than feeding oil 
meal. 

Previous work in this line at this Station by Dr. H. P. 
Armsby led to the same conclusion, although the results ob- 
tained were hardly as decisive as in the present case.* In 
experiments with the three feeds given conducted at this 
or other statiansf no appreciable difference in the relative 
value of the feeds have been found, and the teachings of these 
experiments are, therefore, in the line of previous exi)erience. 

While the evidence on hand goes to prove that oil meal does 
not i)ossess tbe value which would naturally be ascribed to it 
from its high content of digestible protein, or from its cost in 
our section, and cannot for this reason be fed to advantage in 
large quantities under our conditions, its dietetic value is of 
importance; it will furthermore furnish variety to a ration 
and make it more palatable. Oil meal, therefore, has a 
place to fill in our system of feeding dairy cows, but under 
ordinary Wisconsin conditions it should only be fed in 
small quantities, the bulk of the concentrated feed being 
made up of the relatively cheaper grain foods or of the 
refuse products from the same. 

♦Report III, p. 97; Report IV, p. 130. 

t Colorado Expt. Sta., Bulletin 20. Pa. Expt. Sta., Report tor 1891. 
Wis. Expt. Sta., Reports III and IV. 
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EXPERIMENTS IN THE MANUFACTURE OF CHEESE. 



S. M. BABCOCK. 



Nearly all of the investi^tioiis upoai cheese maide at this 
Station have been in connection with the Dairy School, the 
amount of milk available from the Station herd being too 
small to admit of extended experiments at other times. Most 
of the work hlas been done by students under the direct su- 
pervision of an instructor. From, the data thus secured, dur- 
ing the i>ast four winters^ a few lines of work, in which priax> 
tically uniform results have been obtained, are selected for 
tMs report. These will be presented under the following 
heads, viz.: 

1. The influence of fat upon the yield of cheese. 

2. The influence of fat upon the quality of cheese. 

3. The yield of cfheese from different qualities of milk, 
and at different seasons of the year, iu factories. 

4. The loss of weight in the curing of cheese. 

5. Cleaning milk for cheese with a centrifugal machine. 

1. THE INFLUENCE OF FAT UPON THE YIELD OF CHEESE. 

Experiments bearing upon this question were commenced 
in the winter term 1891 and have been oontinued each year 
since. The experiments have been conducted by dividing a 
lot of mixed milk into two parts, from one of whichj' a portion 
or all of the cream was removed by a centrifugal cream sep- 
arator. Sometimes a portion of the cream thus obtained from 
one part was added to the other part, making it abnormally 
rich. These two milks have been made into cheese by the 
Cheddar process, the same conditions being maintained so far 
as prajctical ini each case. The yield of cheese from the two 



132 



Eleventh Annual Report of the 



lots of milk have been reduced to yields -p&r 100 lbs. of milk 
and the difference has been attributed to tihe difference in 
the per cents, of fat, or what is the same thing, to the num- 
ben of jwunds of fat whicli 100 lbs. of the richer milks con- 
tained in excess of that in 100 lbs. of the poorer milk. A 
correction is afterwiards made for the slightly laj^er amount 
of milk serum, that is milk from which all the fat has been 
removed, in the poorer milks. 

The following example will show how the calculations have 
been made: 





Lbs. of 
miltc. 


Percent, of 
fat. 


Yield of 
cheese. 


For 100 Lbs. of Milk. 


No of vat. 


Lbs. of fat. 


Yield of 
cheese. 


1 

2 


40J 
-425 


4.86 
8.00 


44. 
87.75 


4 85 
3.00 


10.94 
8.88 


Difiference for 100 lbs. roilk 


1.85 


2 06 


Increase for one pound cf fat . 








1.11 lbs. cheese. 



This method of computation shows the practical effect upon 
the yield of cheese of each jyound of fat removed from milk 
by skimming or added to milk in the form of cream, it being 
assumed in all such cases that the composition of the milk 
serum remains unchanged. 

The average result obtained in this way in seventy trials, 
in which th.e fat, in the milks compared, differed by one or 
more per cent, gives 1.07 ix)unds of green cheese as the ap- 
parent yield of one pound of fat The range was from .81 
lbs. to 1 . 52 lbs., but most of the trials gave figures which were 
near tlie average. 

The actual amount of green cheese which; one pound of fiat 
in these milks has contributed is greater than this by the 
amount of cheese made from one pound of milk serum. This 
is evident because one pound of serum in the i)oorer milk has 
replaced each pound of fat removed from the rich milk, and 
in the calculation the cheese produced from the serum has 
been subtracted from the yield of the rich milk. In these 
experiments each pound of serum has yielded a little less than 
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.06 lbs. of green cheese which, added to 1.07, tke apparent 
yield from one jxyund of fat, gives 1.13 as th.e actual amount 
of cheese produced from one pound of fat, which is approxi- 
mately the same as the yield of butter from the same amount 
of fat. As only about nine-tenths of the fat in the milk is re" 
covered in the cheese it follows that nine-tenths of a pound 
of fat holds mechanically in the green cheese a little more 
than two-tenths pounds of whey, which is very nearly the 
same relatioii that exists in butter between the butter fat 
and the other constituents. 

In general it may be stated that one pound of fat in mUk 
will produce about 1.1 lb. of green cheese. The milk used 
in these experiments contained an average of 2.5 per cent, of 
fat and yielded an average of 8.63 lbs. of cheese from 100 lbs. 
of milk. Giviug the value just mentioned to the fat in these 
milks and there remains an average of 5.88 lbs. of green 
cheese from each 100 lbs. of milk wMch mujst have been de- 
rived from the 97.5 lbs. of serum. This is at the rate of .06 
lU of cheese for each pound of serum . 

The one constituent of the serum that is essential to the 
production of cheese is caseine, which when coagulated by 
rennet holds mechanically a considerable amount of whey, 
Dr. L. L. Van Slyke* has found that factory milk contains 
on the average 2.46 per cent, of caseine. It is probable that 
the milks used in these tests contained a little less than this 
as they were all produced early in the season when the caseine 
is usually less than the average. If it is assumed that the 
milk serum in these tests contained an average of 2.4 x)er cent, 
caseine then the yield of green cheese (6 lbs. from each 100 
lbs. of serum) is two and one half times the casein. That is 
eadi pound of casein ta milk will produce on the average two 
and one-half i)ounds of green cheese, one and one-half pounds 
of which is whey held mechanically in the curd. 

Applying these values to fat and casein leads to the fol- 
lowiDg rule for calculating the yield of green Cheddar cheese 
from the composition of milk. The yield of green cheddar 
cheese from 100 lbs. of milk Is equal to 1.1 times the per 



* 12th Annual Report N. Y. Agr. Expt. Station, p. 358. 
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cent, of fat added to 2.5 times the per cent, casein in tlie 
milk. This rule was suggested by the writer to Dr. Van 
Slyke* nearly two years ago and it has been used by 'him in 
all of his cheese work since, with most satisfactory results. 

The rule is applicable to all milks even when they are 
watered, skimmed or enriched by adding cream. 

The yield of green cheese from 100 lbs., of milk may be 
roughly estimated without a complete analysis of the milk, 
by adding 5.9 to 1.1 times the per cent, of fat in the milk. 
The cured cheese thirty days old may be found approximately 
by adding 5.7 instead of 5.9 to 1.1 times the per cent, of fat 
This last rule does not apply to( w^atered mOk, it also will vary 
some with the season of the year and with the per cent, of 
fat in the milk. 

2. INFLUENCE OP FAT ON THE QUALITY OF CHEESE. 

In March, 1891, a number of cheese were made to determine 
the relation which the quality of the cheese measured by the 
price it sells for in the open market has to the fat in the milk. 
As it was impracticable to obtain a sufficient quantity of very 
rich milk for these tests the end desired was reached by divid- 
ing a quantity of mixed milk and adding cream removed from 
one portion, to the other. In this way two vats of milk were 
obtained in which there was a difference of two or more per 
cent, in the amount of fat, both of which were made into 
cheese by the same method and, so far as practicable, under 
the same conditions. The cheese were kept until October 
when they were between six and seven months old and were 
then sent to a disinterested party in Chicago who invited in 
a number of pi*ominent cheese dealers of that city and asked 
their opinion regarding the value of the different cheese. 
None of the persons who examined these cheese knew where 
they were from or the conditions under which they were 
made, nor did they know what the judgment of the other 
I>ai'ties had been regarding the quality. Owing to the wide 
variation in tlie values put upon the cheese by different 
buyers, the result of the trial was very unsatisfactory and 

* 12th Anmial Report N. Y. A<?r Expt. Station, p. 470. 
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only served to skow tliat this plan of fixing values cannot 
be dei>ended: upon. This will be evident to the reader when 
it is stated that the prices, put by different buyers upon one 
of th; se cheese, ranged from five to fifteen cents per pound, 
while one buyer deelriied to put any price upon it, saying it 
had no market value. At this time the wholesale price of 
factory cheese in Chicago was from 10 to 11 cents per pound. 
In general it may be said that the cheese made from the 
richer milk was valued one or two cents per pound higher 
than that made from the i)0orer milk. In two cases there 
was enough rich milk to make two cheese weighing about 
60 lbs. each, only one of which was scored by the judges. The 
extra cheese were sold to a retail grocer for 15 cents per 
X)0un)d and were sold by him to customers at 20 cents per 
pound. We could have sold tons of such cheese at the same 
rate; one grocer in Chicago would have taken a large quan- 
tity and a number of requests were received from individuals 
for cheese of this kind . It may be said in explanation of the 
varied judgments of the Chicago buyers, that these cheese 
belonged to a different class from that in which they were 

accustomed to deal. Thev were old cheese in which the 

t/ 

casein was entirely broken dOT\-n, giving them a softer texture 
and a more pronounced flavor than is found in factory cheese 
thirty days old which make up a large part of the wholesale 
trade. At the same time the flavor of the cheese was not 
unpleasantly strong and they had none of the sharp biting 
flavor so common in cheese of this age. Evidently the whole- 
sale dealers judged them from the factory standpoint, while 
the retail grocers recognized in them qualities closely allied 
to some of the high priced foreign cheese and fixed their value 
accordingly. 

In the following table is given the per cent of fat in the 
milk used ta each trial, the loss of fat in the process of man- 
ufacture and the weight of cheese when taken from the press, 
and when sent to Chicago. The cheese made on the same 
day, differing only in the amount of fat which the milk con- 
tained, are put together so that they may be readily com- 
pared- Quantities given are in every case for 100 lbs. of milk. 
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Table showing yield of cheese and loss of fat from 100 pounds of milk. 



No. 



1 
2 
3 
4 

5 
6 

7 
8 



Pate 

1891. 



March 27. 
March 27. 
March 28. 
March 28. 
March 30. 
March 30. 
March 81. 
March 31. 



Per cent. 

of fat in 

milk. 



2.;0 
4.85 
2.90 
4.65 
3.15 
6. 2D 
3.00 
4.85 



Total loss 
Per cent. I of fat in 
of fat in I w hey and 
whey, j press 
I draiuings. 



Weight of cheese. 



.25 
.40 
.28 
.40 
.82 
.59 
.37 
.46 



Lbs. 
.27 

.398 
.268 
.379 
.295 
.5-3 
529 
.635 



Green. 


Cured. 


Lbs. 


Lbs. 


8.375 


7.53 


10.550 


9.50 


8.823 


8.00 


10.706 


9 77 


8.937 


8.00 


12.500 


11.14 


8.882 


8.06 


10.936 


9.99 



Per cent. 

of fat in 
cheese 
(calcu- 
lated). 



32.3 
41.6 
32.7 
42.6 
35.4 
50.4 
30.6 
42.2 



The milks used on March. 30th and 31st were oyerripe, 
which in a measure accounts for the losses being larger on 
these days than on the others. One cheese expert who ex- 
amined these cheese a day or two before they were sent to 
Chicago, without being informed how the cheese were made, 
gave judgment regarding their value that is quite consistent 
with the prices actually obtained. These prices are given in 
the following table together with the weig"hts of cured cheese 
and the value of a pound of fat in the milk from which the 
cheese was made. 

Table showing the value of fat in cheese made from milk of different 

composition. 



No. of cheese. 


Per cent. 

of fat in 

milk. 


Yield of 
cured 
cheese 

from 100 

lbs. of 

milk. 


Price per 
lb. 


Value of 
cheese. 


Price per 

lb. of fat 

in milk. 


Value of 

added fat 

per lb. 


1 

2 

8 


2 70 
4.85 
2.90 
4.55 
3.15 
6.20 
3.00 
4.85 


7.53 
9.50 
8.00 
9.77 
8.00 
11.14 
806 
9.99 


Cents. 

8. 

12.5 

8. 
12.5 

8. 
12 5 

8.5 
120 


Cents. 
60.21 

118.75 
61 00 

122.14 
64.00 

139.25 
68.51 

113.88 


22 3 
27 3 
22.1 
26 9 
20.3 
22.4 
22.8 
24 7 


35.4 


4 

5 


35.2 


6 

7 


24 6 


8 


27.8 
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Here as in the preceding table the cheese made on the 
same day are considered together, the conditions of the milk 
not being uniform from day to day, making it obviously un- 
fair to compare one day's make with another. From the fig- 
ures given it is apparent that in every case the quality of the 
cheese has improved with the increase of fat in the milk and 
that this improvement has more than compensated for the 
value of the extra fat in the richer cheese. It is not, how- 
ever, proven by this that it paid to add cream to milk for the 
richer cheese. The milk used in these experiments con- 
tained originally about 4 i)er cent, of fat and should have 
yielded about ten pounds of cheese, 30 days old, from each 
100 lbs. Such cheese would have sold for 10 cents per pound, 
which would have netted for the fat in the milk about the 
same price per pound as did that in' the richer cheese. It 
does show that skimming the milk resulted in a loss as the 
fat abstracted was worth more in cheese than it would have 
been in butter. At this time butter was worth in Chicago 
about 29 cents per lb. It is probable that with the prices 
given, viz., 10.5 cents for cheese and 29 cents for butter it 
would have paid better to have skimmed off all of the cream 
and made butter of it than to have made the milk into cheese. 
It may be stated as a general rule that it never pays to skim 
off part of the cream and make both butter and cheese, and 
further that whenever the price of butter exceeds two and 
one-third times the price of cheese it will pay better to make 
butter than cheese, no account being taken of the difference 
in value of the skim milk and' whey. If the relative value of 
skim milk and whey be taken into account butter should pay 
better than cheese whenever its price exceeds two and one 
quarter times the price of cheese — under other conditions 
cheese should pay better than butter. 

3. THE YIELD OF CHEESE IN FACTORIES FROM DIFFERENT 
qualities OF MILK AND AT DIFFERENT SEASONS OF 
THE YEAR. 

All students who are candidates for dairy certificates from 
our school are required to send to us monthly reports of their 
work for one or two seasons. The reports from cheese fac- 
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!.>.,> - ,.;iii-, ;Ui>ug with, otter data, the average per cent, of 
',[, u lie milii and the average yield of cheese. During the 
'..!.. Li>ui- >oiU'» there have been received 347 reports from 
. Iiv.tn,- uuiorio* in which both the per cent, of fat in millc and 
ilu> \ iikl v>f chti.'se are given. 

Ill \\u- tV'Ilowiug table are given averages of these reports 
,ui-.iii^*»J aa-ording to the per cents, of fat and also accord- 
Miii lo ihv seaaon of the year: 



'(■iWi- itt,"j?ing yield of cheese in factories according to per ceat. of fat i 



N... of 
K tulips. 


No. of 
report). 


per rent. 


=?^.' 


.^h 


Lbs. ol 
cbeeae tor 
1 B, (at. 


1 


2i 


under S 85 


3.iaa 


0.4 


8.941 


2 


m 


S.lii— 8.E0 


3.3SS 




8.TS0 


S 


m 


3.50-3 70 


3,600 


0.407 


a.613 


* 


43 


8 75-4,00 


3839 


H.S05 


a.m 


G 


i6 


4.1)0-4 as 


4.080 


10.800 


a.sia 


6 


ao 


0,^ 4.« 


4.4.7 


10.707 


a.407 


Allgrtupa 


817 




3 6. 


9.m 


a.m 



Table showing yield of cheese In factories by months. 



HoDth, 


No. of 
reports. 


'^zv^ir 


cH2r 


Lbs. ot 
Phee*e for 


^P'" 

Bay 

June 


08 
49 


8.49i 

3.aaa 

4.076 


S.417 

9. Si! 
983G 
D.9M 

10.917 


2 704 
S.698 














■asoa 


317 


8,64 


9.6«6 


E.ets 
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Each], one of. the 347 reports from which these tables are 
compiled covers the work of a whole month in a cheese fac- 
tory. As the average factory season is only about seven 
months there is represented altogether an equivalent of nearly 
fifty seasons in a single factory. The average amount of 
milk that these factories received was 3,929 lbs. per day; 
on this basis the amount of milk used would be 40,^00,890 
lbs., which would have produced over 3,800,000 lbs. of cheese. 
The extent of these observations taken, independently, by a 
large number of different persons, trained especially for this 
kind of work, must, on the average, give results which ap- 
proximate the truth, under prevailing conditions, even when 
the carelessness of some of the factory operators is taken 
into account The per cent, of fat given in each case is the 
average of the per cents, of fat in the different patrons' milk 
and is not necessarily the average per cent, of fat in the 
mixed milk, although it must approximate it very closely. 
The yields of cheese from 100 lbs. of milk are made up from 
the weights when the cheese were sold, at which time the 
age of the cheese ranged from ten to forty days and probably 
averaged about twenty days. Although the conditions under 
which the figures have been obtained varied in the manner 
stated, it is believed that they represent very nearly the aver- 
age practical results in Wisconsin cheese factories, a great 
majority of the reports having come from this state. 

If the figures can be depended upon they indicate that the 
yield of cheese is greater from rich milk than from poor milk, 
that if the season be left out of consideration the yield from 
rich milk is not as large in proportion to the fat as it is from 
poor milk, and finally that both the fat in the milk and the 
yield of cheese increases in nearly the same projwrtion as the 
season advances. 

Because most cheese factories are closed during the winter 
it is customary in cheese districts to have, so far as practical, 
oows fresh in the spring. Such being the case, the increase 
in the i)er cent, of fat m the milk and the increase in the yield 
of cheese from month to month, shown in the second of the 
albove tables, may be attributed to advancing lactation. 
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In Older to ciunpare milk containing different amonnts of 
fut ill the siime season of the year there is arranged in the 
follow iu^' tuWe the yields of cheese for one i)ound of fat for 
(iuU month* the same groupings being used as before. April 
auil Muv and also October and November are given together 
ou account of the small number of reports during these 
luoathi^: 

^a^^^ s^^omng yield of cheeffe for one pound of fat for each month. 



Vv*'o<»«t. of fat. 



UmUp8.^6 
8/45-3.60. 
8.ftO-3.75. 
8.75-i.OO.. 
4.00— ««5... 
Over4 25.. 



April and 



May. 



No. 

12-2.96 

88-2.73 

34-2.6i 

7 2 63 

3-2. '56 

1— ?.J5 



June. 


July. 


No. 


No. 


6--2.C9 


8—2.89 


28-2.74 


20 -2. 70 


33-2.68 


29— 2.5^ 


8-2.4: 


7-2.46 


2-2. 8t 


4-2.8" 


1 


a a ■ ■ • ■ 



August. 



No. 
3 2.88 
11-2.75 
24-2 64 
7-2. 5S 
3-2.35 
1—1.95 



September. 



No. 



3-2 85 

10-2.67 

18-2.61 

9—2.4' 

l--2.r 



October 

aod 

November. 



No. 



5-2.81 

6-2.62 

15-2.61 

17 2.16 



It will be seen that the results for each period, without ex- 
ception, are entirely consistent with those obtained when the 
whole season is grouped together, the only irregularities be- 
ing at points where few report® are available. 

The concluision arrived at from these data is, that, at the 
same season of the year, rich milks do not yield as much 
cheese in proportion to the fat which they contain as do poor 
milks, but that a rich milk towards the end of the season 
may do as well as a much poorer milk earlier in the season. 

Dr. Van Slyke* from a long series of carefully conducted 
experiments at New York cheese factories has concluded that 
the yield of cheese from 100 lbs. of normal factory milk is 
very nearly proportional to the per cent, of fat in the milk. 
All of his work has been confirmed by complete analysis of 
the milk which show that the casein was in his experiment* 
practically proportional to the fat. His experiments show 
an average of 2.72 lbs. of green cheese for each pound of fat 
in the milk. The loss in curing for 20 days amounts to about 
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four per cent., which, deducted from his average leaves 2.61 
lbs. of cured cheese for one iKmnd of fat against 2.628 lbs., 
the average for the season found from the students^ reports, 
a difference so slight that it need not be considered. The 
same close agreement follows in the averages fori each, month 
of the season and only fails wh.en results are arranged ac- 
cording to the fat iQ the milk. It appears to the writer that 
the discrepancy is only apparent and arises from the fact 

# 

that in Dr. Van Slyke's experiments the poor milks used have 
nearly all been early in the season and the rich milks to- 
wards the end of the season, the gradation from ^ne to th.e 
other having been gradual so that when the results are ar- 
ranged according to th.e fat in th.e milk they are virtually ar- 
ranged according to season as is done in the second table 
above withl the students^ reports. An attempt to arrange 
his results according to fat for each, month shows that nearly 
all will fall within one or two groups wbich do not differ by 
more than one-fourth per cent., leaving so few results in other 
groups that they have little weight and consequently they 
cannot be studied in this way. With: this explanation there 
is nothing inconsistent in the work done by Dr.. Van Slyke 
and the results arrived at from tbe students' reports. In fact 
the two tend to confirm each other. 

The conclusions reached in this article immediately bring 
into question the justice of paying fori milk, in cheese factor- 
ies, according to fat, it having been generally assumed as an 
argument in favor of this^ that yields are proportional to the 
fat In discussions over this point very little weight has been 
given to the better quality of cheese from rich milk, and it 
could very properly be left out, if the yield were proportional 
to the fat, as this circumstance would result in all cheese, 
from normal milk, being of nearly the same composition and 
presumably of the same quality, at least so far as the content 
of fat is concerned. Just as soon, however, as the yield of 
cheese in proportion to the fat in the cheese is diminished 
the per cent, of fat in the cheese is increased and this factor 
should be considered in determining the value of milk for 
cheese. In support of this point the experiments of Dr. Van 
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Slyke' show that the proportion of fat lost in cheese makings 
is quite independent of the amouijt 3f fat in the milk. Usual- 
ly the proportion lost is slightly less from rich milk than from 
I)oor milks. Experiments at the Minnesota Agricultural Ex- 
periment Station- and at the Ontario Agricultural College^ 
lead to the same conclusions, and all work done at the Wis- 
consin Dairy School has confirmed them. Usually there are 
about A lbs. of fat lost from 100 lbs. of milk, the condition of 
the milk and method of manufacture making it sometimes a 
little more and sometimes a little less . 

Applying this loss of fat to the milks in the first table gives, 
when the yield of cheese is considered, the following per cents, 
of fat in the cheese made from those milks. 



Table showing theper cent, of fat in cheese from milks of different com- 
position. 



Per cent, of fat in milk. 


Yield of chpe-e per 100 lbs 
milk. 


3.13 


9.19 


3 38 


9 24 


3.60 


9.41 


3.81 


9.81 


4 09 


10. £0 


4.45 


10.71 


Averaire.3.75 









Per cent, of fat in cheese. 

29.7 
32.3 
34.0 
35 1 
35.8 
37.8 
34 1 



The average -per^ cent, of fat in these cheese is about what 
is usually found in cheddiar cheese twenty days old. 

A cheese from closely skimmed milk containing about 2 per 
cent, of fat is worth at the present time inj New York about 
2 cents per pound, and a full cream cheese with 34 per cent, 
of fat is worth about 10 cents per pound; the prices of partly 
skimmed cheese are intermediate between these as is seen 



^ 12th Annual Report N. Y Agrl. Expt. Station, p. 437. 

2 Bulletin 19, Minnesota Agrl. Expt. Station. 

3 Bulletin 95, Ontario Agrl. College. 
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by the following extract from the New York Market reports 
for December 1st, 1894: 

Full cream cheese. 9^-11 cents. 

Light skims, prime 8 -9 

Part skims, common to good 5J^- 7J^ 

' Part skims, fair to good 4>^- 5^6 

Part skims, common djj^- 4 

FuUskims 2 -3 

The difference in the market value of such; cheese as are 

quoted above is almost entirely due to the amount of fat 

which the cheese contains. There isi a difference of about 32 

per cent, of fat between a full cream and a full skimmed 

cheese, and the difference in price at the present time i« about 

S cents per pound, or one cent for eacih four per cent, of fat., 

Applying this principle to cheese made from such milks as are 

considered in the last table leads to the results given below, 

the price of average full cream cheese being taken as 10 cents 

per i)ound. There is also given the amount realized from 1,000 

lbs. of milk of each, quality, on' this basis as well as on the 

relative value plan and the i)ooling plan. In fixing the price 

for cheese no fractions less than one-fourth cent have been 

considered. The relative value plan is on the basis of 26.08 

cents i)er i)Oflind for the fat in the milk, this being obtained 

by dividing the total value $58.65 by 224.9, the total fat in 

the milk. 

Table ahounng price of cheese calculated from the per csnU of fat in the 
cheese^ with money received from 1 ,000 lbs, of milk of different quali • 
ties^ on this basis compared with that received on the relative value and 
the pooling plan. 



Lbs. of 
milk. 


Per cent, 
of fat. 


Yield of 
cheese. 


Value at 
10 cents 
per lb. 


Per cent. 

of fat in 

cheese. 


Calcu- 
lated 
value per 
lb. 


Total 
value. 


Amount received 
forl.OOOJlbs.ofmilk. 


Relative 
value 
plan. 


Pooling 
plan. 


1,000 
1,000 
1,000 
1,000 
1,000 
1,000 


3.18 
3.88 
8.60 
3.84 
4.09 
4.45 


91.9 
92.3 
91.1 
98.1 
103.0 
107.1 


9.19 
9.23 
9.41 
9.81 
10.30 
10.71 


29.7 
32.3 
34.0 
35.1 
35.8 
87.8 


.09 

.095 

.10 

.1025 

.105 

.11 


8 27 

8.77 

9 41 
10. u5 
10.81 
11.78 


8.16 

8.81 

9.39 

10.01 

10. «7 

11.61 


9.775 
9.775 
9.775 
9.775 
9.775 
9.775 


Total.. 


23.49 


686.6 


58.65 






R9.09 


" 58.65 


58 65 
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Tlie dose agreement between the value of the cheese caion- 
lated from the market reports in the manner described and 
that given by the relative value plan is strong evidence that 
the latter is approximately correct 

The value of milk calculated from the actual yield of cheese 
at 10 cents i)er pound is given not because it is a practical 
method of apportioning dividends, but because it has been as- 
sumed by some to represent the relative value of the several 
milks. This assumption is obviously incorrect as no cheese 
expert would class a cheese containing less than 30 x)er cent, 
of fat with the rich cheese in other groups and there should, 
in justice, be some concession from the i)0orer to the richer 
milks to comx)ensate for the improved quality of the product 
This the relative value plan supplies and at the same time 
encourages every milk producer to improve his cows and give 
them better care. It put8 a stop to the common practice of 
watering! and skimming of milk, which had so nearly wrecked 
the factory system under the i)ooling plan, and finally it es- 
tablishes a uniform basis for the valuation of milk that is ap- 
plicable to both creameries and cheese factories, the import- 
ance of which has been too generally overlooked. The justice 
of the method is no longer questioned in creameries in which 
it has been almost universally adopted, and it is believed by 
the writer that the plan will Jye equally acceptable in cheese 
factories, so soon as its relations to all sides of the question 
are better understood. 

4. LOSS OF CHEESE IN CURING. 

All cheese made at our dairy school are weighed when 
taken from the press and as often thereafter as opportunity 
offers, and finally they are weighed when sold. The data thus 
obtained shows the loss of weight for all ages up to six 
months under such conditions as prevail in our curing rooma 
The cheese considered were all made by the cheddar process. 
They were mostly pressed in flat hoops and had an average 
weight of about 30 lbs. when green. All cheese up to 60 days 
old were kept in the curing room at the dairy building. The 
temperature of this room, as indicated by a Draper self-regi»- 
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tering thermometer, lias ranged from 55 degrees to 70 degrees 
F., and has averaged atoout 61 degrees F. Most of the time 
the temperature has 'been near the average. The moisture, 
shown by a Mittchoff hygrometer has averaged albout 50 per 
cent, of saturation. ' Occasional observations with wet and 
dry bulb thermometers show that, within the range of mois- 
ture occurring in our curing rooms, the hygrometer is nearly 
correct. During the summer months the cheese still on hand 
have been removed to a room in the basement of the agricul- 
toral building where tiie temi)erature could be better con- 
trolled. A maximum and minimum thermometer placed in 
this room was read each week during the summer. The aver- 
age maximum readings was 69 degrees F. and of the minimum 
readings 59.7 degrees F. The average temperature was prob- 
ably alymt 65 degrees F. No determinations of moisture were 
made In this room, but the greater tendency of the cheese to 
mould showed the air to be more nearly saturated than in the 
other curing room. 

In the following table showing the loss in weight the cheese 
are arranged in groups, those of nearly the same age being 
put together. The first three groups cover i>eriods of ten days 
each. The fourth group includes all cheese between one 
and two months old, and the last group all over two months 
old. The average age of the cheese in each group is found 
by multiplying the number of cheese of the same age by the 
age, expressed in days, and dividing the sum of these products 
by the total number of cheese in the group. 

Table showing average loss of cheese in curing. 



No. of 
group. 



1. 
s. 

8 
4. 



Period 
covered. 


Average 
age. 


No. of 
cheese. 


Total 
weight 
green. 


Total 
weight 
cured. 


Loss. 


Days. 


Days. 




Lbs. 


Lbs. 


Lbs. 


1-10 


6 


99 


2.812 


2,741.5 


70.5 


11-20 


16 


242 


7,356.9 


7,077.0 


279.9 


21-30 


25 


298 


8,580.5 


8,160.4 


870.1 


81-60 


41 


417 


12,853.8 


11,684.4 


668.9 


Over 60 


141 


172 


6,214.4 


5,788.0 


608.4 



Loss. 



Per cent. 
2.51 
3.80 
4.84 
5.41 
8.11 



Total number of cheese 

Average weight of green cheese 
10 



.. 1,285. 
30.2 lbs. 
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The table showa that the loss in a given time is very much 
greater in the early stages than it is later, it being fully half 
as much during the first week as for the whole month and more 
than one-quarter as much as for five months. 

6. CLEANING MILK, WITH A CENTRIFUGAL CREAM SEPA- 
RATOR, FOR CHEESE PRODUCilON. 

Whenever a considerable quantity of milk is run through 
a centrifugal cream separator, there accumulates upon the in- 
side of the bowl, a deposit of solid matt|er known as separator 
slime. It consists of coagulatedl ajlbuminoua matter, with 
which is mingled all .solid impurities heavier than milk. When 
removed from the separator bowl the slime rapidly undergoes 
putrif action and gives off an offensive odor. "No normal milk 
however carefully it may be handled is entirely free from it 
although the amount may be very small, except when milk is 
nearly sour, so that the casein has begun to precipitate. It 
seems plausible, however, on account of its offensive character 
and tendency to decay that the flavor and keeping qualities 
of any milk would be improved by its removal. It has even 
been proposed, for sanitary reasons, to treat all milk for do- 
mestic purposes in this manner. fThe late Professor Arnold 
was a strong advocate of this, although the writer is unable 
to refer to such a statement in his published works. 

In the manufacture of cheese all solid matters contained 
in the milk are entangled in the curd and finally carried into 
the cheese, and it is reasonable that removal of slime from 
milk used for this purpose would be especially beneficial. 

Experiments to test this question were begun in 1891 and 
have been continued each year since, during our dairy sch<)oL 
In all nearly 100 cheese have been made from milk cleaned in 
this way and without exception the flavor and keeping qual- 
ity of the cheese bas been improved. 

It was early noticed, whenever there was a tendency to 
gassy or pin holey curds in the original milk, tiiat this was 
either greatly improved or entirely removed by cleaning the 
milk. A large number of experiments made by students dur- 
ing the i)ast two winters, when the milk used gave gassy 
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curds, confirmed our first impressions. In all of our work up 
to the close of the Dairy school in 1894 there was not a single 
exception to this rule, and we were firmly convinced that clean- 
ing milk with a separator would remedy all difficulties of this 
nature and greatly improve the quality of dieese from tainted 
milks of any kind. 

Thorough aeration of milk in the vat with a Hill's aerator, 
especially when the milk was first heated to about 100 degrees 
F. was also beneficial in suppressing pinholes in lihe curd, al- 
though this method was not as efficient as the use of a s^i>- 
arator. This suggested the thought that the effect upon the 
pinholes in the first place was chiefly due to the thorough aera- 
tion which the milk received in the separator and not to the 
removal of the slime. In order to test this point two vats of 
milk were cleaned with a separator and afterward the slime 
obtained from all of the milk was added to the milk in one of 
the vats. The mUk in both of these vats was made into cheese 
in the same manner. The curds from both vats were practic- 
ally free from pinholes although other vats from the same 
milk that was not treated contained large numbers. This 
experiment was repeated on another day with practically the 
same results, and it seems likely that the supression of pin- 
holes by passing milk through a separator was due to the aera- 
tion and not to removal of gas producing organisms in the 
slime. Further experiments accompanied by a biological 
study of the milk and slime are necessary to settle the point. 

All of the experiments described above were conducted in 
the winter, and it was thought advisable before recommending 
the method as a sure remedy for pinholes to apply it to sum- 
mer milk when such difficulties are usually much more trouble- 
some. The establishment of a summer dairy at the Station 
gave facilities for this work. To our surprise cheese made by 
this process in July and August, when gassy curds were very 
common were not improved in this respect. So'f ar as we could 
judge just as many pinholes were found in curds from the 
cleaned milk as from that not treated. The only explanation 
we can offer for these results at present is that possibly the 
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gas producing organlsiULB most abundant ini the milk used in 
the winter were of a dififerent species from those in the milk 
used in the last experiments, and that the one species is ren- 
dered inert by exposure to air while the other is eitlier not 
affected at all or is made more active by the treatment. 

Biological examinations of this milk made by Dr. Bussell 
show a variety of gas producing organisms in the summer 
mi]k, but as yet no comparison of the species found in the 
summer and winter have been made. 

AlttLOugh cleaning milk with a separator has not accom- 
plished all that we had hoped in the treatment of milk for 
cheese, we feel that it has been of great benefit, as it has, in 
nearly every case, improved the quality of the cheese, and the 
improvement has been more marked with tainted milk than 
with those in good condition. Especially has it been of benefit 
for long keeping cheese as such have retained their flavor 
much better when made from separator cleaned milk. 

For cleaning milk, as suggested, any separator which gives 
a smooth cream may be used, those machines where the 
cream flows over the edge of the bowl being best adapted for 
the purpose. We have generally used ^ standard De Laval 
separator in which the skim milk tube has been closed so that 
the skim milk and cream were forced over the top of the bowl 
together. It is better if the cream slot is also closed by care- 
fully fitting a piece of leather! into it In this way a very 
homogeneous mixture of the skim milk and cream may be ob- 
tained. The milk to be cleaned should be warmed to between 
100 -110 degrees F. as this, in a great measure, prevents churn- 
ing and frothing of the creamu a:he milk as it runs from a 
separator! should not flow directly into the milk, in a can, as 
this always results in more or less frothing. The best results 
are obtained by placing a fine hair strainer over the can 
through which the milk is run- If such a strainer is not 
available a clean board five or six inches wide placed in the 
can in a slanting position with its upper end just beneath ttie 
spout of the separator so that the milk will run down this and 
not fall in ai hea^y stream into the milk will accomplish the 
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same purpose. Very satisfactory results may also be obtained 
without closing th.e*skun milk tubes by running the skim milk 
and cream togetlier through, a fine hair strainer. 

The quantity of milk! which may be cleaned with a separa- 
tor is very much larger than the rated capacity of the machine 
for skimming; probably with pi^per appliances the capacity of 
a separator may be doubled. After all of the milk has been 
rum into the separator it should be followed with sufficient 
water to replace most of the milk in the bowl, in order to pre- 
vent undue loss. The milk after it leaves the machine should 
be cooled as quickly as possible to nean the point at which 
the rennet can be added. It is them handled in identically the 
same manner as other milks. As a rule we have found that 
such milks work a little more rapidly than untreated milks. 
This may be due to more rapid development of the lactic fer- 
ment at the high temperature to which the milk is heated. 

The yield of cheese by this process is a trifle smaller than 
from untreated milk it being on the average about two-tenths 
pound less from 100 lbs. of milk. The loss of fat in whey is 
also a little higher. The difference is however more Ihan bal- 
anced by the better quality of the product 
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THE SOURCES OF BACTERIAL INFECTION AND THE 
RELATION OF THE SAME TO THE KEEP- 
ING QUALITY OF MILK. 



H. L. RUSSELL. 

It has been proven many times by experiments that 
milk from healthy animals when secreted in the milk 
gland in the udder is absolutely germ free. If milk 
would be secured and kept in this sterile condition it 
would remain unchanged for a long period of timB, but 
during the milking and also subsequent to its with- 
drawal, it is subjected to so many contaminating influences, 
that it soon becomes fouled with living organisms which 
multiply so rapidly as to completely change the chemical 
and phy«ical characters of the fluid in a very short time. 
Under ordinary conditions, the extent to which milk is 
infected by these different forms of bacteria varies much 
and is dependent upon the action of several factors. As 
the keeping quality of this fluid bears a definite relation 
to its germ content, any measures that tend to restrict the 
amount of germ life thdt gains access will also help to 
increase the keeping properties of the milk and so pre- 
serve its nutritive value. In this way not only will 
milk remain in a sweet condition for a longer period of 
time but the adoption of the suggestions detailed below 
will in a large measure exclude the possibility of the 
numerous undesirable fermentations that cause so much' 
trouble in many dairies. Medical bacteriology has taught 
the important lesson that it is far easier to prevent an 
epidemic than it is to arrest its progress and heal the 
diseased. The same lesson must be learned by us in 
dairy bacteriology. The serious inroads that these micro 



Agricultural. Experiment Station. 151 

organisms make in the dairy industries can be largely pre- 
vented if we take pains to exclude them from the first. 

The suggestions as outlined below do not include any 
new methods but are merely the outcome of what practi- 
cal experience has found to be helpful in this matter. 
These methods, however, have been controlled by studies 
from a biological standpoint so that their real worth in 
excluding living organisms has been determined. A ra- 
tional explanation of the effectiveness of these simple pre- 
cautions would seem to be desirable. 

When we consider the sources of the bacterial infection 
of milk and the relative importance of the different factors 
in accounting for the same, it will be evident that no gen- 
eral rule can be laid down that will be applicable in all 
cases, for the influence of the several factors will vary 
much in different instances. 

, infection from unclean vessels. 

One of the most important factors of the contamination 
of milk arises from the use of unclean vessels. Under this 
head, the actual presence of dirt and filth in dairy utensils 
is not necessarily intended, but the presence of germ life 
owing to the inefficient methods of cleaning that are often 
in vogue. Under ordinary circumstances the walls of ' 
vessels that have been in use are covered with numerous 
organisms and in the cracks and joints, myriads of germs 
are to be found. Cleansing with warm water will remove 
the bulk of the dirt and with this, the majority of the ad- 
herent bacteria, yet innumerable individuals escape all 
but a most thorough cleaning with scalding water or 
steam. Even the application of such stringent measures 
as these fail if they are applied for only a few moments. 
Bacterial life to be effectually destroyed must be subjected 
to the disinfecting action of boiling water or steam for 
several minutes. The forms that are in a growing con- 
dition are quickly killed at such a high heat but those 
in a spore stage are able to resist this temperature for a 
considerable length of time. 
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The following experiment shows what effect sterile 
milking vessels exert upon the amount of germ life in the 
milk. 

Two covered milk pails were taken, one of which had 
been cleaned in the ordinary way, and the other sterilized 
by steam for half an hour. In order to exclude as far as 
possible the influence of other factors, the udder of the 
cow was thoroughly washed, the hands of the milker 
cleaned and the fore milk rejected. The milk was then 
received into the two pails and immediately cooled to 
50^ F., so as to stop the development of germ life. Gel- 
atin cultures were prepared from these milks to determine 
the number of organisms present and there was found in 
milk taken in the sterile pail 165 germs per cc, while that 
which had been received in a vessel cleaned in the ordinary 
way contained 4265 bacteria for an equal volume. The 
milk was allowed to stand in the respective cans at the 
temperature of the room (68^-75^ P.) until it soured. That 
taken in the unsterilized pail turned in twenty-three hours 
while that received in the sterile pail remained sweet five 
and one half hours longer. 

Numerous repetitions of the same method of procedure 
often showed still greater differences; in some cases there 
being a difference of 15 hours in the length of time before 
the milk began to turn. These experiments were confined 
entirely to the milking vessels but the same influences are 
at work in connection with all other kinds of dairy uten- 
sils. Cans in which the milk is set for creaming, all dip- 
pers and strainers should be rendered as germfree as pos- 
sible so that the number of organisms added to the milk 
will be reduced to a minimum. . Under average conditions, 
it may be confidently asserted, that with this simple pre- 
caution alone, the marketable period, i. e., the length of 
time during which milk remains sweet may be extended 
from six to ten hours. 
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INFECTION FROM FORE MILK. 

Another important source from which the milk derives 
its germ life is by the mixing of the first milkings or fore 
milk with the whole mass. While the milk as secreted in 
the milk glands is sterile that which is first milked out 
is always contaminated with bacteria. This is due to the 
infection from without and happens m this way. Even 
when the milking is most carefully done, a few drops re- 
main in the teat that are not entirely squeezed out. As 
myriads of bacteria are spread over the surface of the 
udder and as there is a direct communication by means of 
the open end of the teat with the particles of milk that re- 
main in the duct, it always happens that these few droplets 
become infected from the outside. Here, under these 
conditions, is to be found the very best environment for 
rapid growth. Moisture is abundant, the milk offers a 
rich nutritious medium while the temperature is consider- 
ably higher than the outside. The access of a very few 
germs from the outer surface will suffice to people this 
duct with innumerable bacteria, so that when the ani- 
mal is milked at the next milking, these organisms are 
washed out into the whole mass, thus contaminating the 
entire product. 

Usually this fore milk does not contain a large number 
of varieties although the number of individuals may be 
great. In examining a sample of milk biologically, the 
distribution of species is very unequal. The majority of 
individual organisms will be included under one or 
two forms while there will be a much larger group of 
species represented, that wtll contain only a limited 

number of individuals. 

To ascertain the proportion existing between the 
number of organisms in this fore milk and those in the 
whole milking, the experiment detailed below is given. 

Without any other precaution except a careful washing 
of the teats, the fore milk from each milk duct of a single 
cow was milked into a sterile flask; the remainder of the 
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milk was secured in the ordinary way. An analysis of 
these two milks by culture methods showed that the fore 
milk contained 2800 organisms per cc. while the average 
of the remainder of the milk only had 330 germs for the 
same volume. 

The character of the bacteria in each sample presented 
marked differences; those in the fore milk belonged to a 
single species of the lactic acid group of organisms while 
those in the mixed milk were included under several dif- 
ferent forms, the majority of which belonged to the rennet- 
forming species that produce such profound changes in the 
character of the milk. 

INFECTION DERIVED FROM ANIMAL AND MILKER. 

A third source of infection is the animal and person of the 
milker. The hairy coat of the cow is invariably filled with 
dust particles to which innumerable bacteria are attached, 
and the continual shaking movements of the udder during 
the milking process dislodge bits of filth, dust and hair 
which fall into the pail during the milking. Where ani- 
mals are stabled for a large portion of the day and are 
not carefully cleaned, their under parts become very much 
fouled with particles of excreta. Particularly is this so 
with reference to modern conditions as the increased feed- 
ing of recent years produces a more fluid manure that is 
richer in nitrogenous elements and therefore more liable 
to undergo decompositions of a bacterial nature. Then, 
too, the animal often acquires a rich coating of organisms, 
especially on its under parts, if it has access to pastures 
where slime-covered mud holes are to be found. 

The amount of actual impurities of a solid nature that 
gain access to the milk in this way are by no means incon- 
siderable, as is evidenced by the deposition of these in a 
few hours upon the bottom of a vessel full of milk. It 
makes bat little difference if these are removed by strain- 
ing, for the germs that are introduced with them are 
washed off in the warm nutrient fluid and will pass any 
kind of a strainer. 
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Very much can be done to eliminate the influence of this 
factor by keeping the udder and flanks well carded and 
brushed, as most of the loose hairs and dirt are removed 
in this way; but this does not strike at the root of the 
trouble. As long as the surface is dry, dust particles are 
easily dislodged, and these tiny bits of matter fall in a 
continual shower into the milking pail. If these under 
surfaces are well moistened, the opportunity for the dis- 
placement of germ life will be very much diminished. 
Bacteria cannot be dislodged from a moist surface except 
by very violent movements. The air over large oceanic 
bodies of water is absolutely germ free, although the 
waters below are often teeming with scores of these tiny 
organisms in every drop. The explanation of bhe benefi- 
cial effect of the custom of washing the udder is then, that 
the bacteria are kept in place, for if the surface of the 
animal is thoroughly moistened, the germs are in large 
measure prevented from falling into the milk. 

It is highly importaat that this source of infection be 
diminished to the greatest possible extent, for the bacteria 
that gain access in this way belong, in most part, to those 
forms that produce undesirable changes in milk. Then, 
too, the bacteria associated with filth and dirt of this kind 
ariB usually species possessing spores and therefore capable 
of great resisting powers. On this account they are diffi- 
cult to eradicate, even where heat is used. 

If this precautionary measure is carried out with refer- 
ence to the animal, it is also necessary to use care and 
caution concerning the person of the milker. The hands 
of the milker should be cleaned with soap and warm water 
immediately preceding the milking. It is also well to have 
the milker, especially the upper portion of his body, 
clothed in an outer garment kept for this purpose. Nu- 
merous experiments have been made during the past year 
to determine the effect of this factor. The method of ex- 
perimenting was as follows : While the milking was in 
progress a glass dish several inches in diameter that had a 
thin layer of sterile nutrient gelatin on the bottom was ex- 



156 Eleventh Annual Report of the 

posed underneath the cow at the height of the milking pail 
and in close proximity to the same. After the plate had been 
exposed for a definite number of seconds, the cover was 
quickly replaced so as to prevent further contamination. 
In this way the germs that are derived either from the air 
or from the surface of the animal settle on the moist layer 
of the sterile gelatin and begin to develop. In the course 
of 80 to 48 hours, tiny spots of varying size appear. 
These are the so-called "colonies" that are formed from 
the gx*owth of a single organism that is deposited on the 
exposed gelatin surface. By counting these and determin- 
ing tlie relation between the exposed area of the culture 
plate and. the milk pail, an approximate idea may be ob- 
tained of the number of germs that fall into the milk from 
the surface of the animal. If this method is tried during 
the first part of the milking and then repeated after the 
udder and under parts of the animal are cleaned and 
thoroughly moistened with water, the two exposures serve 
as checks upon each other; the first one giving an approx- 
imate idea of the amount of infection derived under ordi- 
nary circumstances, the second showing the effect of these 
simple precautions upon the germ life that gains access to 
the milk. 

This method cannot be rigidly accurate, for the rate of 
deposition of dust and dirt is by no means constant, but ^it 
is fair to assume that the method indicates in a general 
way the effect that this precaution has upon these condi- 
tions. 

The following data show the value of this treatment. 
The figures given below are all reduced to the same scale, 
viz., the number of organisms, as revealed by the plate 
cultures, that were deposited per minute in a milk pail hav- 
ing a diameter of ten inches. If these figures are multi 
plied by the number of minutes consumed by the milking, 
a rough estimate may be made of the number of individual 
organisms that are added directly to the milk in this way 
at a time when it has a high temperature greatly favoring 
rapid reproduction. 
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EFFECT OF WASHING UDDER ON THE BACTERIA IN MILK. 



Table 1. 



• 

Date. 


Treatment of cow8. 


Estimated No. of bacteria de- 
posited per minute on 78 eq. 
in. ot surface (lOinch milk 
paU). 


Reduction of 
organisms in 


Ordinary con- 
ditions. 


Udder and 
flank washed. 


I>ercentages. 


Not. 6 


Stabled 

Stabled 

Stabled 

Stabled 

• 

Stabled 


16,400 
4,010 
1,700 
4,165 
1,800 
2,700 
8,260 


2,600 

1,860 

£60 

1,870 

1,800 

380 

114 


85 per cent. 


Nov. 10 


54 per cent. 


NoT.«4 

Feb. 20 


66 per cent. 
&) per cent. 
27 per cent. 


Marcb 8 ... ^ ...... . 


Stabled 

Pastured 


88 per cent. 
96 per cent. 


Aug. 28 







Figures 1 A and 1 B illustrate the experiment made on 
March 3rd, where the reduction was 88 per cent, of entire 
number. Each of the tiny points indicates a colony that 
has developed from an invisible germ that feL on the 
sterile surface. The difference in size of these spots is 
one of the characters that enables the observer to separate 
one species from another. 

Pig. 1 A, which shows over one hundred and sixty colo- 
nies on a circular area 3^ inches in diameter, illustrates 
the actual amount of germ life that was caught on the 
sterilized moist surface in a period of thirty seconds under 
the ordinary conditions in which the milk was secured; in 
connection to this, there was present on a control plate, 
Fig. 1 B, of an equal area, that was exposed for an equal 
length of time at the same spot only twenty colonies, 
where the udder was cleaned and washed before the milk- 
ing occurred. 
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Where the exposure is made in the above way, it is a 
difficult matter to determine the amount of infection that 
comes from germs floating in the air from that which is 
derived from the animal itself. The barn air is at all times 
richer in germ life than that outside, so that in the above 
figures it is not unreasonable to suppose that a part of 
those germs deposited upon the plate after the udder of 
the animal had been treated in this way really came from 
the germ laden air. That this is true is seen from the ex- 
periment made August 23rd, where the cow was milked 
out of doors. During the exposure of the sterile plate 
under the animal after it had been washed, another plate 
was simultaneously exposed to the air some distance away 
from the cow. While 114 germs were deposited under the 
cow, 65 were found on the plate exposed simply to the air. 
The extent of diminution is therefore really greater than 
would appear from the foregoing table. 

INFECTION FROM THE BARN AIR. 

The effect of this factor can not well be separated from 
that arising from the animal, yet certain methods of feed- 
ing and the occurrence of these with reference to the milk- 
ing have a decided influence upon the bacterial contents of 
the air of the stable and subsequently upon the germ life 
found in the milk. 

Where hay, straw or coarse dry fodder is used, the barn 
air is much infected with dust particles to which the bac- 
teria are attached in large numbers. A gelatin plate expos- 
ure made in the stalls during the feeding showed that over 
160,000 organisms were deposited per minute on an area 
covered by an ordinary milk pail. 

Figure 2 shows how thickly the bacteria cover any ex- 
posed surface under these conditions. The following illus- 
tration represents the actual deposition of organisms as it 
occurred on a plate 3^^ inches in diameter for thirty seconds 
during the time in which dry feed, like hay, was being fed 
to the cattle. The smaller more sharply defined spots are 
colonies of bacteria, the larger diffused areas being moulds 
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that likewise are present in large numbers in dust laden 
air. 

If the feeding with these dry fodders is done at the same 
time that the milking is carried on— a common occurrence 
in many dairies— the danger from contamination is con- 
siderable. An exposure of sterile gelatin plates during 
this feeding will show a high increase in the number of 
bacteria in the air. These settle with the dust, and in do- 
ing so inevitably gain access to the open milk vessels. In 
this way, the hay bacillus and allied forms that are of a 
resistant character find their way easily into the milk. 



ns-bHlC loch jtelattn plaM ot organisms trem 
'). Figure reducsil one-third. 

This source of danger can be eliminated by feeding moist- 
ened feed during the milking, or the dry feed immediately 
subsequent to this operation, but after the milk has been 
removed from the stable. A biological analysis of mixed 
milk that is taken in the ordinary way will invariably 
show the presence of numerous individuals like those that 
are to be found in the air and on the surface of the coarse 
dry fodder. 

THE UNITED EFFECT OP ABOVE PRECACTIONS. 

If the milking is carried out in the light of the above 
suggestions, a very radical difference in its germ content 
will be observed. These precautions require for their ful- 
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fiUment only a little extra labor, but this labor is more 
than compensated for in the purer condition of the milk. 
By these precautionary measures the germ content of the 
fluid may be greatly reduced. In fact, the keeping quality 
of the milk may be increased to such an extent that it will 
remain sweet from 24 to 48 hours longer tnan it otherwise 
would. 

The influence of unclean vessels can be entirely elimi- 
nated by steaming or thoroughly scalding the different 
utensils; the bacteria present in the fore milk can be 
greatly reduced by rejecting the first few streams from 
each teat ; the germ life . associated with manure and filth 
particles that fall into the milk from the dirty udder and 
under parts of the cow can be much lessened by cleaning 
these parts and thoroughly moistening them with water 
so that dusty particles will not be dislodged from the hairy 
surface; and the influence of the infected barn air can be 
much lessened by the removal of the milk as soon as milked 
and taking care that operations like dry feeding or bedding 
are done after the milk is removed from the stable. 

The following example shows to what extent the bacteria 
of the milk can be controlled by rational methods of milk- 
ing: In October the mixed milk taken in the ordinary way 
was found to contain 15,500 germs per cc, while the 
average of the total yield of a cow that had been carefully 
cleaned and the milking done in the manner already sug- 
gested contained only 330 bacteria for the same volume. 
In February, under winter conditions, a repetition of the 
same experiment revealed a still smaller number, there 
being 7,680 germs per cc. in the mixed milk, while that 
received in open sterile pails, but with greater care, had 
only 120 bacteria for the same volume. Figs. 3 A and 3 B 
illustrate the extent to which the bacterial contents of the 
milk taken during the above experiment were reduced. In 
each of the gelatin cultures an equal amount of milk (one- 
thirtieth cub. cent.) was added so that the relation between 
the number of colonies shows the proportional reduction. 
11 
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Such a diminution as this, amounting as it does in this 
case to over 98^ per cent, of the total number of bacteria 
that were present in ordinary mixed milk must have a 
marked effect upon the keeping properties of the same. In 
the case under consideration, at room temperature, there 
was a difference of 24 hours in time before both soured, in 
favor of the milk secured with this extra care. 



relation of temperature to bacterial growth. 

These suggestions suffice to point out the sources from 
which the milk derives its quota of bacterial organisms, but 
the effect of such a treatment as indicated above will be 
practically nullified unless one other condition is taken 
into consideration — that of the temperature at which the 
milk is kept. The rate of bacterial growth is so depend- 
ent upon this factor that this relation must always be con- 
sidered in studying the effect of these living organisms on 
the changes that occur in milk. If the temperature of the 
milk is maintained at a high degree, or if the milk taken 
under these precautions is allowed to cool spontaneously, 
the radiation of heat will be so slow that although the 
milk may be seeded with only a small fraction of the ordi- 
nary germ content, yet the rate of reproduction will be so 
augmented that the total amount of germ life will not be 
materially diminished, and consequently the keeping prop- 
erty of the milk will not be increased. It is for this rea- 
son very essential that the milk should be cooled immedi- 
ately after it is drawn from the cow. Immediate lowering 
of the temperature of the milk not only retards the growth 
of those bacteria that gain access to this fluid in a grow- 
ing vegetating condition, but it diminishes the rapidity of 
germination of those organisms that may have found their 
way into the milk in a latent, spore state. Particularly is 
this true with the forms that are derived from the air and 
dried bits of dirt and dust, for these organisms, being in a 
quiescent condition, are unable to begin active multiplica- 
tion at once. 



164 Eleventh Annual Report of the 

Bacteria, like all other vegetable organisms, require a 
certain temperature before germination will occur. This 
point, as a rule, is higher than that at which growth is 
possible, so that if the germination of the latent spores 
can be held in abeyance until the temperature is reduced 
below this point growth cannot occur. 

The minimum temperature limit below which the differ- 
ent species of bacteria germicrate do not always coincide, 
but in general it is not far from 50^-60^ P. If the tem- 
perature is high enough to allow the germination of the 
spores, growth and multiplication will take place readily, 
and if germination once occurs, the young cells will re- 
produce slowly at a much lower temperature. 

CONCLUSION. 

An observance of the above conditions will do much to 
lessen the rate of germ development and so increase the 
period during which milk retains its normal characteris- 
tics. Especially will this be true where any endeavor is 
made to carry out the suggestions outlined in the preced- 
ing pages to diminish the amount of germ life that is added 
to the milk from the very beginning. Just so far as we 
can keep out bacterial organisms from the milk, just so far 
can we succeed in increasing its keeping qualities and in 
eliminating all of those undesirable taints and offensive 
fermentations that are not only a source of annoyance but 
often a serious hindrance to the manufacture of high grade 
products. 

The question, although largely a biological one, rests 
primarily upon two simple physical conditions, namely, 

CLEANLINESS AND TEMPERATURE. 

Not only must thorough cleanliness in every detail be 
insisted upon in securing and handling the milk after it is 
drawn from the cow, but the animal herself must be cared 
for in such a way, and her surroundings must be of such a 
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nature, as to diminish to the greatest extent the possibility 
of contamination to the milk during its withdrawal. 

Co-ordinate in importance with this condition is the 
storage of the milk at the lowest possible temperature if 
its. keeping qualities are to be increased by a diminution in 
the germ contents of the fluid. 
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ON THE EFFICIENCY OF TUBERCULIN AS A DIAG- 
NOSTIC AGENT IN TUBERCULOSIS. 



H. L. RUSSELL. 

Since the introduction of Koch's tuberculin in 1891 as an 
agent in diagnosing bovine tuberculosis, its use has 
been much increased. It has been extensively tried in 
Europe and within the last two years has been intro- 
duced into this country. Under the auspices of the 
various experimental stations and state veterinary depart- 
ments, a large number of experiments have been made with 
it. Its value is now fully recognized, and expert veter- 
inarians find its use indispensable in the more accurate 
diagnosis of this disease that presents so many occult 
phases in its appearance in cattle. 

Although the consensus of opinion based upon actual 
experiments is overwhelmingly in favor of its use as a 
diagnostic agent, yet our knowledge concerning it is far 
from being complete and it is essential that carefully col- 
lected records concerning its use should yet be made. 

While tuberculin has been shown in a great number of 
instances to be absolutely infallible in its diagnostic prop- 
erty, yet it is an agent that can be very easily misused 
and herein lies the chief objection to it. 

Its ability to detect incipient, as well as aggravated cases 
of the malady depends entirely upon the temperature 
readings. In this the personal equation of the experi- 
menter must be large, and in doubtful cases very much 
depends upon his judgment. Unless the data upon 
which his judgment is to be based is very full and ex- 
plicit, he may very easily fail to make a correct diagnosis, 
and in doing so, is unable to extirpate the disease from 
the herd. 
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It is therefore absolutely essential that the temperature 
records should be very full, both the normals before injec- 
tion, and the inoculation temperatures subsequent to the 
introduction of the tuberculin. For this reason, the detailed 
temperature readings of quite a number of those animals 
that have been tested with tuberculin are given below. In 
all but four cases, the inoculations were made either by 
Dr. W. G. Clark, Instructor in Veterinary Science in the 
Short Course, or the writer. 

Bulletin No. 40 gave the results of the experiments 
with tuberculin upon the Station herd but the temperature 
records are again recorded in this place in connection 
with those that have been made at a later date. 

I. 

RESULTS WITH STATION HERD AT UNIVERSITY FARM. 

Mrst inoculations, — It was originally intended to make 
a comparative test of the tuberculin manufactured by Dr. 
Libbertz of Berlin, Germany, and that which is made in 
the Biochemic Laboratory of the Bureau of Animal In- 
dustry, Washington, D. C, but this experiment was frus- 
trated by our inability to secure at the proper time enough 
of the imported liquid to use the regulation dose that is 
recommended. The inoculations, however, were made with 
very dilute doses in order that the effect of these ultra- 
minimal amounts upon the constitution of the animal 
might be studied. 
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Tables 1 A and 1 B represent the temperature readings 
of the entire Station herd (1 A before the inoculation, 1 
B subsequent to injection) as they were taken at the time 
of the first inoculation of each animal. The records of 
those animals on pages 168 and 170 belong to the series in 
which the two brands of tuberculin were used, Lot I being 
inoculated with the Bureau product, while Lot II received 
the imported material. Temperature records of animals on 
pages 169 and 171 are those of the young stock and calves 
(Lot III) that received only a single injection. 

The foregoing summary includes the entire list of ani- 
mals of the herd, all of which were inoculated with tuber- 
culin at one date or another. Of the thirty animals so 
treated, twenty-two in all responded to the tuberculin test. 
Nine were inoculated with Bureau tuberculin (Lot I), of 
which six showed reaction temperatures. Of the twenty- 
one inoculated with imported tuberculin, ten were mature 
(Lot II) and eleven were young stock (Lot III). Of the 
ten, seven were diagnosed as diseased; and of the young 
animals, nine out of the eleven showed a diseased condi- 
tion by the test. 

Second Inoculations, — A second test was made later with 
the full grown animals, using in all cases a different kind 
of tuberculin from that which was employed at first. After 
the lapse of at least a month (seven weeks with most of 
the herd), this second series of tests were made, the re- 
sults of which are incorporated in Table 2. 

During this necessary lapse of time, the animals were 
unfortunately housed in the same barn and subjected to 
the same conditions under which they had been living, so 
that there was a possibility of an infection subsequent to 
the first inoculation. 

Table 2 includes the data gathered at the second inocu- 
lation, showing both preliminary normal temperatures and 
the temperatures after injection. 
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iQ this second test of the nine animals that were inocu- 
lated with imported tuberculin (Lot I) only two showed a 
reaction fever, while of the nine treated with Bureau 
tuberculin (Lot II), seven were diagnosed as diseased. 

It was our original intention in making this cross series 
of injections, viz., inoculating Lot I with the imported 
tuberculin the first time and then repeating it with 
domestic product the second time and vice versa, to com- 
pare the two brands in their relative efficiency. Although 
the plan of the experiment was carried out the data cannot 
be used in this connection because the dose of the im- 
ported tuberculin administered was much below that 
which is ordinarily used. 

The observations are, however, interesting because they 
show the effect that these extremely small doses (1-10 of 
the average minimal dose recommended) have upon the 
animals. 

A comparison of the two tests will show some apparent 
discrepancies that need to be mentioned in this connec- 
tion. 

In two instances (Rue and Bunn), reaction temperatures 
were noted upon the second injection after they were de- 
clared healthy by the first. As the lapse of time between 
the two inoculations in these cases was seven weeks, it is 
possible that they might have contracted the disease dur- 
ing this interim, especially as they were kept under the 
same conditions as before with a herd, two -thirds of which 
were known to be tuberculous. 

The autopsies of these two animals, made soon after the 
second injection, showed that the disease in Rue was well 
distributed, although not in an advanced stage, while that 
of Bunn pointed to a recent infection. 

In several instances it will be noted that animals fail to 
react when inoculated the second time with the imported 
tuberculin that had reacted upon the first injection with 
the Bureau product. This evident discrepancy between 
the efficiency of the two brands, in picking out the dis- 
eased animals, can undoubtedly be explained. The failure 



r 



Agricultural Experiment Station. 175 

to produce a reacting temperature in those animals that 
had previously been diagnosed as tuberculous with the 
Bureau tuberculin is due to the minimum doses used. The 
Bureau fluid as injected is more concentrated than the im- 
ported product as used in the diluted condition by us, so 
that the amount of actual tuberculin introduced at the sec- 
ond injection was less than that which was used at the 
first. While an introduction of this same quantity sufficed 
to produce a reacting temperature in the first inoculation 
of an animal, yet this same amount introduced into an ani- 
mal that had been previously inoculated with a stronger 
dose sometimes failed to produce the usual febrile 
symptoms. 

Reference to Table 4 will show this point clearly. In 
those animals that were actually tuberculous, as demon- 
strated by post mortems, and which were first inoculated 
with the more concentrated Bureau tuberculin and then 
later with the dilute imported product, every case but two 
(Polly and Melvina), failed to show any reaction, while the 
dilute doses if administered first were confirmed by the 
second stronger injection in all but two cases (Bunn and 
Rue). 

In these last cases there is the possibility mentioned 
above that they contracted the disease subsequent to the 
original injection. These facts taken in connection with 
the correct diagnosis of the eleven head of young stock 
(Lot III), where the very dilute doses were used, shows quite 
clearly that the failure to react in the above cases was due 
to the fact that the system^ of the animals had been 
saturated, so to speak, with the stronger tuberculin and 
therefore they failed to react as a rule when a less amount 
was used at the second injection. 

These experiments also show that the dose administered 
may be varied greatly and still produce a reaction in a dis- 
eased animal, for the amount of imported tuberculin that was 
injected was only one-tenth of the minimum dose that is 
usually recommended. The fact that this dose, as small as 
it was, produced a reaction in almost every diseased ani- 
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mal that received but a single injection indicates that 
smaller doses in these cases were quite as potent as the 
stronger injections. This question of dosage is one that 
needs to be investigated still further. 

Taking the two tests in connection with each other the 
results may be summed up as follows: Thirty animals 
were inoculated in all; of these twenty-five reacted, show- 
ing a diseased state, tne remainder being declared healthy. 

AUTOPSY records. 

To test the efficiency of this diagnosis it was necessary 
to slaughter the herd, especially those animals that had 
reacted to the test. At the same time it was just as essen- 
tial that at least some of the healthy animals, as indicated 
by the test, should be killed in order to see if they might 
have the disease and still not react when injected with 
tuberculin. 

Immediately after tne completion of the second test the 
work of slaughtering began. The autopsies were con- 
ducted by Dr. Clark and the writer with the assistance in 
a few cases of Dr. Miller, Instructor in Anatomy in the 
University. The subjoined autopsy records are briefly 
given so as to indicate the extent of the disease in each 
case. 

Polly. — Grade Jersey; 18 months old. 

History. — No trace of disease apparent, condition excellent, fat. Weiirhk 
February 20. 1894, 776 lbs. 

Physical diagnosis.— Healthy. 

Tuberculin test — Marbfd reaction with both injections; February 20y 
Bureau tuberculin: March 22. imported brand 

Autopsy. — March 22; weight. 808 lbs. Left lung etudded with small hard 
caseous tubercles. Fome of which were broken down into purulent matter. 
Submaxillary glands affected. Peritoneum over small intestine dotted 
with pearly protuberances, cheesy or calcareous*. 

Tubercles in lung seem to have dev^eloped with relation to circulatorj 
system and not the bronchi. Bronchial glands healthy. Microscopi(»i ex- 
amination showed the infection to have been transmitted to the lymphatio 
circulation through the large follicles of mucous membrane of intestine. 

Doubtful. — Grade Jersey, 5 years old. 

History. — Good. 
Phye»)cal diagnosis. — Sound. 

Tuberculin test. — Inoculated February 24 and May 3, 1894. No reaotkm 
in either case. 
Autopsy.— May 9. No signs of taberde on post-mortem. 
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Oay.— Registered Jersey, estimated 6 years old. 

History. -Apparently healthy. Weight February 20, 871 lbs. 

Physical diagnosis.— Suspicious, slight thickening of submaxillary 
lymphatics. Crepitation over portion of left lung. Increased respiratorr 
murmur at lower end of trachea 

^r^^JS"^^ test. —February 20. reaction with domestic tuberculin, 
March 20, no reaction with imported tubercuhn (only 28 days between in- 
jections). 

Autopsy.— May 16, weight, 855 lbs. Single large abscess in intestinal 
wall (Ileum). Several small pearly nodules on ileum and colon. Incip- 
ient tubercular spots in pharyngeal glands. Large, well- developed tuber- 
cle in right lung. Udder enlarged but flaccid, upon section tissue appears 
mied with smaU nodular masses, whitish in color. Few baciUi found in 
Bcrapmgs from inside of milk sinus. 

Aaggib Nktherland Beauty. —Registered Holstein, 5 yenrs oH. 

History.— Animal always thin. Absolutely impossible to fatten when in 
lactation. W®*K^^» February 22, 1,017 lbs. 

Physical diagnosis. — Enlarged sub maxillary lymphatics, dullness on 
percussion over upper posterior part of right lung and slight crepitauon. 
Suspicious. 

Tuberculin test— Inoculated with Bureau tuberculin February 28. Strong 
reaction. Inoculated May 8 with imported tuberculin. Reaction 1.6 de- 
grees Fahr. 

Autopsy— May 12, weight 916 lbs. Pharyngeal glands fiUed with small 
tubercles, pin head in size. Mediastinal glands contain numerous small 
tubercles* Lesions apparently i)oint to a recent infection. 

' Oalena.— Grade Jersey, estimated 5 years old. 

Physical diagnosis.— Sound. 

Tuberculin test.— Bureau tuberculin, February 23. Reaction. Imported 
taberculin M«v 2. No r**R.ctiori» ^^ 

Autopsy.^Ma^r 13, weight 911 lbs. Pharyngeal glands affected. Small 
tubercles found m mediastinal glands, several pearly tubercles in ileum. 

Bub of Silyeb Sfbings.— Registered Jersey, 10 years old. 

History.— Good. Weight, March 12, 980 lbs. 

Physicad diagnosis. — Enlarged submaxillary lymphatics. Dullness on 
percussion and slight crepitation over upper posterior part of right lung. 

Tuberculin test. — Inoculated March 18, with imported tuberculin. Reac- 
tion of 1.8 degrees FaJbr. Inoculated May 2, with Bureau tuberculin. 
Iforked reaction. 

Autopsy.— May 14. Weight, 880 lbs. Mediastinal glands cheesy and 
calcareous. Right and left mng show several small tubercles. Number of 
pearly nodules in ileum. 

Nbthebland Nuqget.— Registered Holstein, 8 years old. 

History.— Good Weight, March 12, 1,122 lbs. 

Physiosd diagnosis. —Suspicious. Submaxillary glands enlarged. In- 
ereased respiratory murmur over portions of each lung. 

Tuberculm test. — Inoculated with imported tuberculin March 12. Reac- 
tion. With Bureau tuberculin May 2. Reaction. 

Autopsy. — May 16, weight 958 lbs. Several pearly nodules in the wall 
of ileum. In right lung two or three tiny tubercles. In left lung several 
large pneumonic areas. 

Daisy.— Grade Jersey, 14 years old. 

History. — ^Animal thin and emaciated but poor condition seems to be a 
family trait, for two generations on mother's side were always thin: heavy 
milkers. Weight, Feb. 20, 778 lbs. 

Physical diagnosis.— Tuberculous. Thickening of submaxillary lym- 
phatics. Dullness of percussion over considerable area of each lung; husky 
cough; heaving of flank. Increased resonance* over portion* of left lung. 
Bronchial breathing over lower anterior portion of left lung. Emaciated. 
Hide bound. 

12 
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Taberculintert.^ Inoculated Febraaiy 20. Gave reaction. 2d in jeo- 
tlon with imported tuberculin March 20. No reaction. 

Autopsy.— Murch 22. Anterior mediascinal gland slightly enlai^ged; 
showed a few small tubercles on periphery. Titisue examined micro- 
scopically and bacilli demonstrated. Other organs showed qo evidence of 
tuberculosis. Dullness of percussion due to an old pleurisy, therefore the 
physical diagnosis as tuberculous not warranted by evidence at autopsy. 

BuNN.— Grade Holstein, 11 years old. 

History.— Good. Weight, March 12, 1,260 lbs. 

Physical diagnosis. — Sound. 

Tuberculin test.— Inoculated March 13 with imported tuberculin. No 
reaction. Bureau tuberculin May 2. Reaction 2.1 degrees F. 

Autopsy. — May 15, weight 1,150 lbs. One tubercle in posterior lobe of 
left lung. Numerous pearls in the wall of ileum. Inflamed aread in 
pharyngeal glands ' 

Beauty.— Native, estimated 12 years old. 

History. — Good. Weight March 12, 1,120 lbs. 

Physical diagnosis. — Dullness in percussion over posterior part of right 
lung. Bronchial breathing over lower anterior part of right lung. Protn 
ably tuberculous. 

Tuberculin test. — March 12, imported tuberculin. Reaction 1.7 degrees 
F. May 2, Bureau tuberculin. Reaction 1.8 degrees F. 

Autopsy. — May 17, weight 982 lbs. Shows a heaJed-over tubercle in left 
lung; f^so a single pearly nodule in intestine. Beveral well marked tuber* 
des in anterior mediastinal glands. 

Bessib 2d. — Grade Jersey, 7 yearn old. 
History.— Rather poor in fleBh. Weight March 12. 080 lbs. About April 

10 aninuil began to show signs of brain trouble and difficulty in standinc or 
walking, ate but Uttle. Weight AprU 1$, 770 lbs. Milk decreased muoh 
in Quantity (0.8 lbs per milking). 

Physical diagnosis.— Suspicious. February 20, submaxillary gland 
■lightly enlarged; crepitation over part of right lung. 

Tuberculin test. — Reacted with imported tuberculin, March 18. Re- 
acted upon second injection with Bureau brand, Biay 2. 

Autopsy.— May 4, weight 694 lbs. icight lung diseased ; showed a few large 
nodules, calcareous. Bronchial glands filled with numerous tubercles. 

Marked changes in tissue of cerebellum although no bacilli could be 
demonstrated in sections of tissue. 

Palmyba. — Grade Jersey, 5 years old. 

History.— Condition always good. Weight March 12, 906 lbs. 

Physical diagnosis.— Given as sound. Slight crepitation over portion of 
right lung. 

Tuberculin test. — Inoculated March 12, with imported tuberculin. Re- 
action. Second injection. May 2, with domestic tuberculin. Reaction. 

Autopsy.— May 15, weight 821 lbs. All of mediastioal glands badly af- 
fected, cheesy and calcareous. One tubercle in posterior lobe left lung. 
Numerous pearly protuberances from, wall of ileum. 

Panst.— Grade Jersey, 2 years old. 

History.— Animal fat and in excellent condition. Weight 816 lbs., 
March 12. 

Physical diagnosis.— Sound. 

Tuberculin test. — Injected March 18. Reaction fever of 2 degrees above 
normal with import^ tuberculin; although only 1.7** above highest 
normaL 2d injection with Bureau tuberculin, May 2, gave a strong re- 
action. 

Autopsy.— May 4, weight 795 lbs. Bronchial glands filled with tuberdea. 
A few well marked nodules in each lung. A well-defined but not a bad 
case. Lesions apparently recent. 
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COLANTHA BosA. — Bogistered Holstein. 18 months old. 

History.— Good. Weight 988 lbs., March 12. 

Physical diagnosis. — Sound. 

Tuberculin test— Injected with imported tuberculin March 12. Strong 
reaction. 2d injection. May 2, with domestic tuberculin (only 1.75 co. 
injected, a part of doee aocidently lost). Bise in temperature of 1.4 
degrees Fahr. 

Autopsy.— Bfay 10, weight 955 lbs. Only tuberculous tissue found in 
animal was in left posterior mediastinal gland, which had a few discrete 
tubercles. 

Meltina. — ^Begistered Short Horn, 6 years old. 

History. — Condition always good except a nasal catarrh which has been 
more or less severe for past three vears. Weight 1,280, lbs. February 22. 

Physical diagnosis. — Sound with the exception of above symptom. 

Tuberculin test. — Bureau tuberculin, February 28. Marked reaction. 
Imported tuberculin May 2. Beaction. 

Autopsy.— May 11, weight 1,240 lbs. Pharyngeal glands enlarged and 
calcareous. Mediastinal also contain numerous tubercles, many of which 
are broken down into abscesses. Numerous large abscesses and infiltrated 
areas in both right and left lung. Lesions point to an old chronic in- 
fection. 

EXPEBDCENTAUBT. — Bogistored Jersey BuU. 8 yearn old. 

Hifitory. — Presented when a young calf to the station by N. Y. Agri- 
cultural Experiment station. Weight 1,886 lbs., March 12. 

Physical diagnosis. — Apparently sound, although detailed examination 
not made. 

Tuberculin test.— Inoculated March 18, with imported tuberculin. 
Strong reaction. 2d injection with domestic tuberculin May 2. Be* 
action. 

Autopsy.— Showed a badlj affected chronic case. Pharyngeal and medi- 
astinal glands well filled with calcareous tubercles. Both lungs showed 
numerous tubercles, hie kory nut in size, imbedded in tissue; also several 
protruding from costal surface (grapes). Testis slightly affected. 

Lady Mossooat.— Short Horn. 2 years old. 

History. — Daughter of Miss Cowslip 6th. 

Tuberculin test.— Showed reaction of 2.7 degrees Fahrenheit. 

Autopsy.— May 12. Mediastinal glands show a few small tubercles (pin- 
head in size). Acute inflamed areas in different lobes of both lungs. One or 
two small tubercles on ileum. Animal apparently infected recently by the 
way of the air passages. 

Mblrosb.— Short Horn. 18 month's old. 

Tuberculin test showed tuberculous condition of animal. 

Autopsy — May 11. Mediastinal glands were com pletelv infiltrated, cal- 
careous, cheesy, and in some cases purulent. One tubercular abscess, 
size of walnut, in right lung; also several smaller tubercles with acutely 
infiamed tissue surrounding them. Left lung slightly affected; one pearly 
nodule on ileum. 

Pet. — Ayrshire, 16 months old. 

History. — Perfectly healthy. 

Tuberculin test.— Blay 10, injected with imported tuberculin; no reac- 
tion 

Autopsy.— In right lung was found one small healed tubercle com- 
pletely encysted in a fibrous capsule. 
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Fi«. a*.— 3eclIon thron((h udder of a tubereuloui c 

liealtbT tiMae. RighC quartar. healchr. tieaun sott. 

largsd (XS lbs.>, liard, flbroua, full ol tuberculouB aodules. 

Clotbilds Rosi.— B«giert«T«d Holstein. 6 jeara old. 

History. — Animal in good health until December, 16BS. Calf dropped 
December ,34. Weight ai this time 1.150 lbs. Betcan ti> l<'p« in fl<:8b 
from this date. Swelling on udder noticed about January 20, Became 
emaciated very rapidly. Weight March 18, 1,077 Iba. Inoculated at this 
date nith tuberculin. Died April 8, 

Physical diagaoaia. — Tuborculous. Enlarged maxillary plttndsi duUnesB 
and crepitation over upper part of left luQg Increaicid renpirat 'ry 
Inuminr at foot of trachea. Right hind quarter much enlarged aud bard; 
mucoaa membratie pale; coat rough. 

Tuberculin test.— Reaction fever present, although there was tax 
abnormally high temperature before inoculation. 

Autopsy. — April 3, weight 855 Ibe. Abdominal peritonea.1 Furface 
covered with net-work of fine tubercles following blood venfelR. Peri- 
toneum of wall covered with nodules. Bronchial glands much enlarged 
and filled with tubercles, I^rge clusters of nodules adherent to lungs and 
costal pleura (grapes) and also imbedded in tissue of lungs. Affected 

quarter of udder weighed 28 lbs ; a solid yellowish mass, calcareous, in 
few places See Figures 20-22. Microccopical esamiuation showed a very 
acute generalized stage of the dis> sse; bacilli present in millt In very large 
iiumbeTe. This insttuice bhows the eSect of calving on animals already 
Affected with tuberculosis. 
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Qai^Tka. — Grade Jenoj, B montlu old. 

History.— Daughter of Galena and ExperimeatsliBt. Kept honsed fat 

nme bam with other stock aiiice birth. Apparently in good health. 

Tuberculin t«8t. — Inoculated Hay 2'with imported tuberculin; reaction. 

Autopsy.— One email tubercle in left lung. Left mediastinal gland (poo- 

1 — :__! .1 1 - . — j: ^ tubercles; bronchial glands poneeeea in- 

ira healthy. 
MKLNOTT4 —Short Horn, 4 months old. 

good condition, withtheezcept — 

r Jan. £«pt in Stable witb nmaindier of liv4 



VX pharyngeal gland. Mediaatinal glands showed numerous tuberclm sonitt 
fiC whicu were calcareous and cbeeey. Few small nodules in left l\xag, In- 
testinea normal but meaenterio glands show numerous young tubeiolML 
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BosBTTB.— Grade Jeney, 5 months old« 

Histozy.—Hansed with herd shice birth. 

Tuberculin teet — ^Made with imported tuberculin, Maj 2; reaction. 

Autoi>^. — ^Incipient tubercles in right mediastinal glimd; well developed 
masses in left mediastinal lymphatic glands; Slight nodular growths in 
a few of mesenteric glands; also numerous tiny tubercles in liver 

Pott'fnartem appearances would indicate a mixed source of infection. 

m 

AuoxTSTUS.— Holstein Bull, 6 months old. 

Tuberculin test— May 2, indicated tuberculosis. 

Autopsy. — ^May 12. Right posterior mediastinal lymphatic full of small 
tubeorcles. Several pearly nodules on wall of ileum; also numerous young 
tubercles in mesenteric glands. 

Chlob. — Holstein, 4 months old. 

History. — Daughter of Clothilde. Mother was tuberculous when with 
calf and rapidly wasted away with acute generalized stage of the disease. 
IJdder maricediy affected since calving. 

Tuberculin test. — May 2, with imported tuberculin; reaction. 

Autopsy. — May 12. Mesenteric glands filled with numerous nodules pin- 
bead in size. Intestinal glands covered here and there with soft, young 
tubercles. liver with several tuberculous areas scattered through tissue. 

Unquestionably the calf must have been suckled on tuberculous milk 
from the very beginning. 

JoBBFHnvB.*Grade Jeney, 7 weeks old. 

Tnberonlin test indicated no disease. 

Autopsy— Ifoy 12, showed no evidence of tubercular lesions. 

NuGOBT.— Registered Holstein, 6 months old. 

History. — Housed in same bam with herd since birth. 

Reaction with imported tubercullD. May 2. 

Autopsy. — May 8. Superpbaryngeal glands infiltrated and cheesy. Left 
anterior mediastinal studded with small hard tul>ercles. Several smaU 
tubercles in mesenteric glands. 

Blossom. — Grade Jersey, 5 months old. 

History.— Housed with other animals. 
Tuberculin test showed May 2 a strong reaction. 

Autopsy. — May 12. Large abcess in pharyngeal gland. Mesenterio 
glands largely infiltrated with small-sized tubercles. Lungs healthy. 

In order that a more comprehensive idea may be ob- 
tained of the different organs affected, their relative fre- 
quency, and also to bring out more clearly the probable 
source of infection, the autopsy records of tuberculous ani- 
mals are arranged in a tabular form as follows : 
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CompariBon of autopsy record with diagnosis made by 
tuberculin (see Table 4) will show that in every one of the 
twenty-five animals diagnosed as diseased, evident tuber- 
lar lesions were found. Of the five animals that did not 
react three were killed, and in one instance (Beauty) a 
well developed tuberculous condition of the anterior medi- 
astinal lymphatics was observed. 

This is, then, the only failure recorded against the tuber- 
culin test in this herd. 

COMPARISON OF PHYSICAL WITH TUBERCULIN TEST. 

The efficiency of the tuberculin test over the physical 
diagnosis is well seen in the case of this herd. In the in- 
cipient stages of the malady it is practically impossible to 
detect the diseased condition of the animal, especially if it 
develops in connection with the alimentary tract. 

Dr. Clark made a careful physical examination of the 
animals, eighteen in number, included in Lots I and 11. 
His report is embraced in the table found on following 
page, and the details of the examination are grouped with 
the post mortem accounts in the foregoing autopsy notes. 
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Table 4. — Risume comparing physical examination and tvl^erculin teat 

toith post-mortem results. 



No. 



1 

2 

8 

4 
5 

e 

7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
10 
20 
21 
22 



24 
26 
26 
27 
28 
29 
30 



Name. 



PoHy 

Bessein :... 

Doubtful 

Gay 

Aaggie 

Galena 

Rue 

Neth. Nugget 

Daisy 

Bunn 

Beauty 

Bessie 2d 

Palmyra 

Mblvina 

Cowslip 

Clbthilde Rosa. . . 
Ck>lantha Rosa... 
Experimentalist. . 
Lady Mosscoat. . . 
Melrose 

Calves. 

Galatea 

Melnotta 

Rosette 

Nugget 

Blossom 

Augustus 

Chloe 

Josephine 



Physical diag- 
nosis. 



Sound 

Sound 

Sound 

Suspicious 

Suspicious 

Sound 

Tuberculous ... 

Suspicious 

Tuberculous 

Sound 

Tuberculous 

Suspicious 

Sound 

Sound 

Sound. 

Sound 

Tuberculous ... 

Sound 

Not examined.. 
Not examined.. 
Not examined.. 
Not examined.. 

Not examined. 
Not examined.. 
Not examined.. 
Not examined.. 
Not examined.. 
Not examined.. 
Not examined.. 
Not examined.. 



Reaction in De- 
grees Fahb. 



With 
bureau 
tuber- 
culin. 



4,8 

1.6 

1.7 
3.4 
4.3 
3.7 
3.SQI) 
3.5(2) 
3.0 
2.1(2) 

1.3(2) 
3.800 
4.0(2) 
3.4(2) 
4.4 

1.2 
b 

cl.4(2) 
3.9(2) 



With 
imp. 
tuber- 
culin. 



a».9(2) 
1.4(2) 
0.8(2) 
0.6(2) 
1.6(2) 
0.8(2) 
1.6 
2.8 

1.1(2) 
0.6 

t 

1.6 
3.1 
3.6 
9.0 

9.0(2) 
1.4(2) 

2.9 

4.6 

S.l 

2.8 

4.7 
0.0 

2.6 
3.8 
3.1 
3.8 
4.4 
2.S 
3.1 
0.0 



Autopsy record. 



Tuberculous 

Not killed 

Healthy ...... 

Tuberculous 

Tuberculous 

Tuberculous 

Tuberculous 

Tuberculous 

Tuberculous 

Tuberculous . . 
Tuberculous .. 

Tuberculous 

Tuberculous .. 
Tuberculous ... 

Tuberculous 

Not killed 

Tuberculous 

Tuberculous.... 
Tuberculous.. <. 

Tuberculous 

Tuberculous 

Healthy 



Tuberculous. 
Tuberculous. 
Tuberculous. 
Tuberculous. 
Tuberculous. 
Tuberculous . 
Tuberculous. 
Healthy 



Ratio of cases 
diagnosed cor- 
rectly 



Dugnosed Cor^ 
rbctlt bt 



FhyB. 
exam. 



+ 

+ 

+ 
+ 



7:10 



Tuber- 
culin 
test. 



+ 
+ 
+ 

4- 



+ 
+ 



+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



27:28 



a Figure two enclosed in parenthesis as such (2) indicates the second inoculation. 

b Animal died before second inoculation. 

c Through an accident a part of dose was lost, hence no reaction f eyer indicating di se as e 
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In only two cases (Daisy and Clothilde Rosa) did he find 
marked Rymptoms that led him to pronounce the animals 
undoubtedly tuberculous. Two other animals were also 
diagnosed as diseased, although the symptoms were less 
marked, and four animals were noted as suspicious. 

Reference to table 4 will show the instances in which the 
physical diagnoses were confirmed by the autopsy. Of the 
two animals that were regarded as unquestionably diseased 
one showed a generalized tubercular condition strongly 
manifested in the udder. The other animal (Daisy) was 
slightly tuberculous (one lymph gland), but an old pleurisy 
had misled the veterinarian in his physical examination. If 
the tuberculous animals that were diagnosed as suspicious 
are regarded as correctly diagnosed, then the veterinarian 
succeeded in the physical examination in seven out of six- 
teen cases. The remainder of the herd that was later sub- 
jected to the tuberculin test was not closely examined by 
the veterinarian, but all of the animals were in apparent 
good health as far as could be noted upon a cursory exami- 
nation. The superiority of the Koch test over a physical 
examination is thus demonstrated beyond all doubt. 

If tuberculosis is a disease that should be eradicated be- 
cause it is a menace to public health and to successful ani- 
mal industry, we must be able to recognize it in its earlier 
stages as well as the more advanced cases. By means of 
the physical examination alone, this is manifestly impos- 
sible, but by the aid of the tuberculin test, we can at once 
determine in almost every instance whether the disease is 
present even in its earliest phases. 

The objection is often urged that the tuberculin test is 
too delicate, that it detects a diseased condition before any 
danger can possibly arise from it. This objection is, in 
fact, one of the strongest points in its favor, for it enables 
a dairyman to know the actual condition of his herd, and to 
take such precautionary measures that will enable him to 
limit the possible spread of the disease. 

In the course of the past season several other herds have 
also been tested with tuberculin. The complete temper- 
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ature readings of the total number of animals injected will 
not be given but only those cases that are of especial inter- 
est. 

RESULTS WITH HERD II. 

Herd II owned by B. C. was composed of twenty animals, 
five of which were registered Guernseys, ten high grade 
Guernseys and five grade Jerseys. All of the animals in 
this herd except a registered cow and bull were bred and 
raised on the farm. The history of the herd in the past has 
been good, no deaths having occurred for ten years. Tuber- 
culosis has never been suspected. The physical exami- 
nation made by Dr. Clark showed no disease whatever. 
The inoculations were also made by him. 

Of the twenty animals that were injected only five were 
at all suspicious. The reaction with the remainder of the 
herd varied from 0. 2^ F. — 1. 5* F. so'that they were not re- 
garded as reaction fevers. The records of the five animals 
that should be more closely scrutinized are as follows: 
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Table 6. — Ante-inoeuUUion temperature records. 



Ho. 


Nami. 


Breed. 


Age. 


Normal Tempebatubbs. 


vn.2o. 

7 A.M. 


VII. 20. 
7 P. M. 





KaU 

Nunoy....... 


Gr. G... 
Gr. J.... 


6 yrs ... 
6 yrs 


101.5 
100.8 


103.3 
101.6 




Kit 


Gr. G . . . 
Gr. G... 
Gr. G... 


3 yrs — 
2^yrs.. 
6 yrs . . . 


VII. 23. 
5 A. M. 


VII. 23. 
12 M. 


vn.28. 

7 P.M. 


VII. 24. 
7 P.M. 


VU. 25. 
7 A.M. 


iA 


100.4 
99.8 
100. 


101.4 
101.4 
101.6 


102.5 
102.3 


102.9 
102 6 
102.5 


101.7 


47 


Nan 


101.8 


4N 


Julia 


10 


i. 


101.4 



Post'inoculaiion temperature records. 



No. 



80 
40 



Averag[e 
normal. 








July 21. 








Reaction 

above 

average 

normal. 


4 A. M. 

(8 hrs.) 


6 A. M. 
(lOh's.) 


8 A. M. 
(12h'8.) 


10 A. M. 
(14h*8.) 


12 M. 
(16h*s.) 


3 P. M. 
(19h's.) 


6 P. M. 
(21h's.) 


102.4 
101.2 


101.9 
100 3 


101.9 
102.1 


102.2 
102.4 


102.3 
104.2 


102.3 
104.8 


102.8 
103. 


103.2 
102.4 


0.8 
8.6 



Reaction 

above 

highest 

normal. 



—0.1 
S.9 



48 

47 
48 



101.8 
101.6 
101.6 






July 25. 






2.0 
2.6 

1.9 


3 P.M. 
(8 hrs.) 


6 P.M. 
(11 hrs.) 


8 P. M. 
(13 hrs.) 


10 P. M. 
(35 hrs.) 


1 A. M. 
(18 hrs.) 


103.6 
103.6 
103.2 


108.8 
104.2 

103.4 


102.8 
103 4 
102.4 


102.3 
101.7 
102. 


102.3 
102.2 
101.8 



0.9 

i.e 

0.9 



In the above cases Nos. 40 and 47 (Nancy and her calf 
Nan) are unquestionably tuberculous. In all probability 
Nan contracted the disease by suckling her diseased mother. 
The remaining cases are not so easy to diagnose from the 
data at hand. 

As No. 36 (Kate) was due to calve in about one month, 
her variation in temperature before inoculation may be as- 
cribed to her pregnant condition. It is plainly evident that 
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her average normal as given is much too high^ so that the 
total reaction is considerably less than it should be. Then 
again it will be observed that the temperature of this 
animal was rising when the observationp were stopped. 
Where such a condition is found, it is always necessary to 
continue to take temperatures until they begin to decline. 
Usually the maximum febrile reaction occurs in the course 
of twenty hours, but it sometimes happens that the highest 
temperature is found after this lapse of time. (See cases of 
Experimentalist, No. 19, and Clothilde Rosa, No. 17, Table 
1 B, page 170. 

In the cases of Kit (No. 43) and Julia (No. 48) there was 
a rise above average normal of 2.0® F. and 1. 9° F. respect- 
ively, and above the highest normal of only 0. 9"^ F. in each 
case. In both cases the highest inoculation temperature oc- 
curredat 6:30 p. m., approximately the same time of day that 
registered the maximum normal of the two preceding days. 
This might indicate that the maximum inoculation tem- 
perature was merely an exaggerated diurnal rise, and not 
sufficient to be called reaction. Then again, the average 
normal, as given in this case is higher than it really should 
be, for it contains the evening (the highest) temperatures 
of two days. If the average of the normals of 5:30 a. m., 
12 m. and 7 p. m. of July 23 (one full day) is taken instead 
of the whole series, the average normal temperature of the 
animals in question will be lowered from 0.3® — 0.4® F., thus 
increasing the extent of the reaction above the average nor- 
mal in both cases to 2. 2® F. and over. This rise in temper- 
ature would be sufficient to warrant the diagnosis as ex- 
ceedingly suspicious. On the strength of these results, 
isolation and quarantine was recommended with a subse- 
quent test to be applied later. At date of writing no au- 
topsies have been made so that the correctness of the 
diagnoses in these cases is not definitely known. 

RESULTS WITH HERD III. 

Herd III owned by Q. C. H. & Son is a herd of full 
blooded and high grade Guernseys that was also tested 
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by Dr. Clark August 31st. In this instance the imported 
tuberculin was used. 

In this herd of twenty-three head, twenty -two of which 
are full blooded, only one animal, a seven year old cow No. 
57 was found that gave a reaction indicating the presence 
of the disease. In the case of a two months' old calf, No. 
72, the temperature closely approximated a reaction, 
although this diagnosis was not made in this case. 

With the remainder of the herd the post-inoculation tem- 
peratures ranged from 0. 1 ® F. - 1. 55 ® F. above average 
normal. 

The temperatures of the two animals that are of most in- 
terest are as follows: 



Table No. 6. — Temperature records. 



Ante-Inoculation. 


POST-lNOCULATlON. 


Rkaction 
Abovs 




Aug.80, 
7 p. m. 


Aug.Sl, 
7 a. m. 

102.2 
101.4 


Aver- 
age 
normal 


August 81. 


Sept. 1. 


Aver- 
age 
normal 


Hlgh- 


No. 


4p. m. 


7 p. m. 


9 p. m. 


11 p. m 


8a. m. 


est 
normal 


57 
78 


102. 
102.9 


102.1 
102.16 


1038 
102.9 


105.1 
104.1 


106. 

103.8 


105.7 
108.9 


104.7 
102.6 


3,9 

2.0- 


8.S 

1.2 



No. 57 gave a very evident reaction and was consequently 
diagnosed as diseased. On November 2d this cow was 
slaughtered and found to be tuberculous, thus confirming 
the diagnosis by the test. At the autopsy the udder was 
found to be diseased, a large abscess being present that was 
filled with broken down purulent material. Abscesses were 
also demonstrated in the lungs, together with tubercles of 
a caseous nature. 

The condition of the young calf. No. 72, was not con- 
sidered as tuberculous, although the rise in temperature 
at one time was quite marked. It will be noted that the 
maximum inoculation temperature occurred at the same 
hour as the maximum normal and was only 1.2^ F. above 
it. The duration of this rise was so short that it can hardly 
be called a reaction fever and should doubtless be consid- 
ered as a temporary variation. 
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No. 57, which had been taken by the owner on shares, had 
been introduced into this herd but a short time before. For- 
tunately the tuberculin test revealed the true condition of 
the new accession, and the herd was probably saved from a 
further spread of the disease. 

The two herds considered above were almost all high 
grade or registered stock of the Guernsey breed. In neither 
case was the disease very severe, although in both instances 
it was present in the herd, and having obtained a foothold 
the danger of further infection was possible. 

In view of the fact that the great majority of the tuber- 
culin tests have been made upon graded or registered stock, 
it would seem desirable if data on native or common stock 
could also be secured. 

The theory is often advanced that tuberculosis is far more 
prevalent among the finer breeds than it is with native 
or low grade stock, but experiments with tuberculin upon 
this class are altogether too few, as yet, to make any swv,ep- 
ing generalizations. 



results with herd IV. 

This herd belonging to E. F. R. hiid a large proportion of 
common native cows and on this account the results obtained 
are of interest. In the herd of twelve animals, Nos. 74 to 85 in- 
clusive, eleven of which were cows, five were common 
native cattle, the remainder being low grades of the Jersey, 
Holstein and Short Horn breeds, with the exception of one 
cow which was a high grade Short Horn. 

The history of the herd has been a good one, no deaths 
having occurred for a number of years. Almost all of the 
cows had been raised on the farm excepting three that had 
been brought to the place with a change of tenants four 
years ago. 

The herd was tested on August 30th and 3 1st by the 
writer, using the bureau tuberculin. Five ante-inoculation 
temperature readings were taken to obtain an average nor- 
13 



194 



Eleventh Annual Report op the 



mal. The post-injection temperatures ranged from 0.4° F. 
to 1.4° F. above this normal so that no reaction was found 
and the herd was declared free from the disease. 

In addition to these four herds which included eighty-five 
animals a few isolated cases were also tested with tuber- 
culin, bringing the whole number up to ninety two. A brief 
recapitulation of the results obtained in these cases is as 
follows: 

Table 7. -Summary of inoculations. 



No. of herd. 



I. 
II. 



No. of 

animals 

tested in each 

herd. 



No. dia^"- 

nosed as 

diseased by 

test. 



No. found 

diseased at 

autopsy. 



III. 

IV 

V* 



30 
20 
23 
12 

8 



25 
4 

1 





26 



Failures in 
diagnoses. 







93 



30 



27 



* Isolated cases are included under Herd V. 



CONCLUSIONS. 

In the above serief of inoculations only one failure 
(Beauty of Herd I, Station) is to be recorded against the 
tuberculin test. Every animal diagnosed as diseased by the 
test was found to be tuberculous when slaughtered. In 
only this single instance was a tuberculous animal found 
that had given no reaction when inoculated. 

Of the entire number of animals (30) that the test con- 
demns as diseased only seven of these had been recognized 
as tuberculous upon the basis of a physical examination. 

Our experience with the tuberculin test has been emi- 
nently satisfactory as it has enabled us to detect five times 
the number of cases that were discoverable by the ordinary 
method of examination. 

Errors are sometimes found in the tuberculin test even 
where it is used with the greatest of care. These mis- 
takes, however, are rarely due to the imperfect action of 
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the tuberculin but in the gteat majority of cases, failures 
in diagnoses are the fault of the operator rather than the 
agent used. As experience with this agent increases it 
may be expected that these personal errors will be reduced 
to a minimum. 

In recommending the test as a diagnostic agent, there is 
one point the importance of which is often underrated, and 
that is the necessity of securing a full set of the ante-in- 
oculation temperature readings. The normal temperatures 
of cattle are subject to such marked fluctuations that un- 
less abundant data in each case are secured, many in- 
stances will occur in which it is impossible to make an ac- 
^curate diagnosis. It is, of course, desirable in introducing 
the test in a practical way to reduce the amount of work 
to the minimum, as far as time is concerned, but a reduc- 
tion in the number of preliminary temperature readings is 
often made at the expense of accurate diagnosis. In the 
majority of instances, the reaction fever will doubtless be 
so marked that slight variations from the average normal 
will not affect the result, but often the total reaction so 
closely approximates the minimum limit that is taken to 
represent a tuberculous condition that the operator is some- 
times misled, unless he has a series of normals extending 
over at least a full day. 

An instance of this sort is seen in the case of Nos, 43 and 
48, mentioned on page 190. With the data at hand, these 
cases can only be pronounced suspicious, but if a full set of 
normals had been secured so as to determine the daily vari- 
ation, a positive diagnosis could no doubt have been made. 

Our knowledge concerning the normal variation in the tem- 
perature of cattle and the causes that induce the same is 
yet too vague and imperfect to deduce any well defined 
laws. As the use of tuberculin is extended this phase of 
the subject must demand greater attention. In conclusion, 
the results already accomplished with it warrant its con- 
tinued use as the best means of detecting tubercular 
troubles in cattle. 
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THE INFECTIOUSNESS OF MILK FROM TUBERCULOUS 

COWS. 



H. L. RUSSELL. 



It is becoming more and more evident as the use of 
tuberculin increases that the percentage of dairy cattle 
affected with this disease is larger than was formerly sup- 
posed. Recent reports from Denmark and Germany, 
where the tuberculin test has been most thoroughly tried, 
.show an alarming amount of it among dairy stock, and 
here in this country in a great many of the best dairy 
herds it has obtained a strong foothold. These facts that 
are brought out by the use of tuberculin raises anew the 
question concerning the infectious properties of the milk 
from tuberculous animals. 

Experiments upon this question are as yet conflicting in 
their results. The opinion of Koch, based upon his ex- 
periments, that the bacilli were only present in the milk 
when there was a demonstrable lesion of the disease in the 
udder was for a long time accepted as correct. Since 
these experiments were made, numerous investigators 
have considered the same question. Nocard, McFadyean, 
Law and others failed to infect experimental animals when 
the milk of tuberculous cows with healthy udders was used. 
On the other hand, Hirschberger, Bollinger, Bang, Ernst, 
Smith and Kilbourn have shown experimentally that 
tuberculous animals deliver infectious milk even though the 
disease may not be present in the lacteal organs. 

In view of the fact that the experimental evidence at 
hand is of such a contradictory nature, it would seem that 
all the data that can be accumulated on this subject is de- 
sirable. The recent introduction of tuberculia as a means 
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of diagnosing this disease facilitates work of this charac- 
ter. Then, too, the fact that the majority of tuberculous 
cows are now slaughtered when their diseased condition is 
ascertained makes it possible to determine accurately the 
condition of the udder. In many of the previous experi- 
ments that have been made on diseased animals with sup- 
posedly healthy udders, the diagaosis concerning the con- 
dition of the udder has been based merely upon external 
examination. Where autopsies are held the actual distri- 
bution of the disease can be accurately determined and con- 
sequently the data gathered in this way is more valuable 
on the point in question. 

INOCULATION EXPERIMENTS WITH MILK, ETC. 

In the severe epidemic of tuberculosis that we experi- 
enced with the Station herd, the opportunity was offered 
for a study of the milk with reference to this question. At 
the time these experiments were instituted only one ani- 
mal. Cloth ilde Rosa, showed any evident udder lesions 
that were of a tuberculous character. 

Table I gives a resume of the experiments made with 
milk inoculated into rabbits and Guinea pigs from a num- 
ber of the animals of the herd that were known to be 
tuberculous as diagnosed by the Koch test. In some cases 
the fresh milk was injected; in others the milk was re- 
ceived with the greatest possible care in sterilized Erlen- 
meyer flasks. The contents were then centrif uged and the 
sediment in the bottom of the flask used for inoculation. 
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From the above table it will be noted that the milk of 
only one animal, Clothilde, was able to infect experimental 
animals when injected directly into the abdominal cavity. 
Rabbit No. 7 was inoculated with 2 cc. of the milk and died 
from tuberculosis in the course of 55 days. Rabbit No. 8 
inoculated with only a single cubic centimeter died in just 
twice the time (110 days). At the time when the milk 
from this animal was inoculated, the udder was badly 
swollen, the growth being of a hard, dense character and 
painless. A microscopic examination of it also revealed 
the presence of numerous tubercle bacilli. 

AUTOPSY records SHOWING EXTENT OP TUBERCULOSIS 

IN COWS. 

In this connection reference to the autopsy notes of the 
animals mentioued in the above table will be of service in 
determining the extent to which the various cows were 
diseased. These records will be found in detail in another 
connection on page 176, also summarized briefly in table 
3, on page 184. Prom these it will be seen that the dis- 
ease in Daisy, Aaggie, Galena and Netherland Nugget 
was either localized or in an incipient stage, so that it is 
highly improbable that their milk would be affected in any 
way. 

With the three remaining animals, the autopsy records 
reveal a more suspicious condition. The udder glands of 
Bunn were greatly enlarged, although tubercular areas 
were not demonstrated. In Gay the udder was enlarged 
and bacilli were sparsely found in ' scrapings from the 
walls of the milk sinus, but in the rabbit inoculated with 
her milk no trace of tubercular affection was demonstrable. 

In Clothilde the udder lesions were very pronounced and 
bacilli were determined in the milk in abundance. Both 
of the experimental animals inoculated with her milk suc- 
cumbed to the disease inside of two to four months. 
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CONCLUSION. 

Prom these limited experiments, the conclusion in this 
case seems warranted that the milk from these tuberculous 
animals was not infectious where the disease was not local- 
ized in the udder. Even where the udder was possibly- 
affected, the bacilli were not present in the milk in suffi- 
cient quantities to call forth a diseased condition in the 
susceptible animal inoculated with small quantities (1 — 4cc. ), 
except in a single instance where the animal had the dis- 
ease in an aggravated form. These results add somewhat 
1^ the data on this subject, but the amount of evidence 
L ust be considerably augmented before definite conclusions 
c - e drawn as to the infectiousness of milk from tuberculous 
a imals where the disease does not affect the udder. 
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RELATION OF SEPARATOR SLIME TO TUBERCULOSIS 

IN HOGS. 



H. L. RUSSELL. 



Ostertag^ has pointed out the interesting coincidence be- 
tween the development of the separator process of cream- 
ing and the spread of tuberculosis among swine in Europe. 

In north Germany and Denmark where the centrifugal 
method is extensively used to separate the cream from the 
milk, the percentage of tuberculous hogs is very much 
greater than it is in the southern parts of Germany where 
swine are fed on the skim milk raised by the gravity 
process. In the northern countries the refuse creamery 
products (skim milk and separator slime) are fed in a com- 
paratively fresh condition. 

Scheurlen^ and others have pointed out the peculiar re- 
' lation that the tubercle bacillus bears to the centrifugal 
process. They have shown that this germ goes largely 
with the slime so that the sediment adhering to the sepa- 
rator bowls that is derived from milk coming from tuber- 
culous cows often has infectious properties. As this slime 
possesses a large amount of proteid materials, and there- 
fore has considerable nutrient value, it is often fed to 
hogs. The relation above referred to is certainly possi- 
ble and well worth being made the subject of further 
study. 

The experiment detailed below was suggested by the 
above facts. 

> Milch Zeitung 22, p. 672. 

'Arbeiten aus d. Kais. Gesandheitsamte, 7, (1891) 269. 



202 



Eleventh Annual Report of the 



FEEDING EXPERIMENT. 

A litter of four pigs, 6 weeks old, was taken and di 
vided into two lots. Lot I (Nos. 1625 and 1627) was fed on 
a ration consisting of skim milk and dry feed (one-half 
shorts and the remainder corn meal), while Lot II (Nos. 
1624 and 1626) was given the same ration and to this was 
added the separator slime from the University creamery. 
The amount of slime secured from the daily run of 3,500- 
4,000 lbs. of milk was rather small, averaging about seven 
to eight pounds per week. The experiment was begun on 
August 23 and continued without intermission until No- 
vember 10. During this time the amount of feed con- 
sumed was as follows: 



Lot I.. 

Lot II 



Skim milk. 



1.159 
1,185 



Dry feed. 



821 
330 



Slime. Total feed. 



.-.J .. 



480 



86.5 



1,601.5 



The amount of slime consumed by the two pigs in Lot II 
was by weight 5.4 per cent, of the entire amount of 
food consumed. 

AUTOPSY RECORDS. 

On November 13, the young pigs were killed. The fol- 
lowing post mortem records show their condition: 



Lot L 

Pig No. 1625. Weight 111 lbs. All internal organs in 
thoracic (lung cavity) and abdominal regions entirely free 
from disease. 

Pig No. 1627. Weight 85 lbs. This animal appeared to 
be stunted in its growth from the very first. Careful ex- 
amination of all lymph glands, lungs and intestines failed 
to show any evidence of tubercular troubles. Perfectly 
healthy throughout. 
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Lot IL 

Pig No. 1624. Weight 107 lbs. Lungs, lymph glands and 
intestines entirely free from disease. Liver tissue especially 
on surface studded with small whitish areas of a diffused 
character, apparently of a fibrous nature. These patches 
not of a tubercular character. 

Pig No. 1626. Weight 101 lbs. Autopsy revealed the 
same condition in liver as in No. 1624. All other organs 
perfectly healthy. 

Samples of liver tissue from Nos. 1624 and 1626 were 
submitted to Dr. W. S. Miller, anatomist inth^ University, 
for a more detailed miscrocopic examination. He reported 
that there was an abnormal development of the connective 
tissue lying between the liver lobules (smooth cirrhosis) in 
both cases. This condition is usually associated with over 
feeding. 

As both of the pigs that had been fed on slime developed 
this condition, and as the two controls were free from it, 
the inference is natural that the slime was associated with 
it in some way. Separator slime has an extremely high ni- 
trogenous content (26 per cent, crude protein according to 
Fieischmann) so that the ration used with the slime fed 
pigs would be much richer in nitrogen than with the con- 
trols. A calculation of the total amount of digestible pro- 
tein fed in the case of each lot shows that Lot II (slime 
fed) received almost a third more crude digestible protein 
than Lot I. This was almost all contained in the slime 
used in the feed. This variation certainly is a marked one 
and needs further experiment before a definite answer can 
be given. 

CON0L'JSI02i. 

This experiment while limited in its application on ac- 
count of the small amount of slime used approaches nat- 
ural conditions as they would exist where swine are fed 
on the waste products from any given creamery, for, if 
the whole yield of slime from any creamery having run of 
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even 15,000 lbs. daily was fed to a drove of hogs, it is not 
probable that the amount per animal would exceed the 
amount used in this experiment. The above experiment 
although negative in its results as far as tuberculosis is 
concerned shows that the slime from the creamery tested 
when fed in proportion indicated above did not possess 
infectious proi)erties when introduced into the digestive 
tract of the animal. 



.J 
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TESTS OF DAIRY COWS. 



J. W. DECKER. 



During the past four years this Station has been fre- 
quently called upon by breeders and agricultural associa- 
tions to make tests of cows. Whenever possible to make 
such tests without interfering with other Station duties the 
requests have been granted, the writer being detailed for 
the work in the majority of cases. In all over 90 tests, 
varying in length from one to seven days, have been made. 
The result of these, averaged for a single day in each case, 
are given in the following table, in which the cows of each 
breed are grouped together according to age. 
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In most cases the cows tested have been selected to com- 
pete for prizes so that the results in no sense represent 
what the average cow would do, nor do they show the re- 
lation between the different breeds. 

The Influence of Age upon Quality of Milk. 

• 

Although a question of this kind cannot be definitely set- 
tled without examining the milk of a large number of cows 
through several periods of lactation we should expect, if 
much change occurred, that a noticeable difference in the 
per cent, of fat ^ould be found between the older and 
younger cows of each breed; this, however, is not the case 
and the inference is that the difference between different 
ages is very small, if, indeed, there is any at all. In some 
cases where the same cow has been tested at different ages 
there is found a considerable difference in the per cent, of 
fat in the milk, but the richer milk is sometimes found in 
the first and sometimes in the second test. If in such cases 
the infiuence of advancing lactation in improving the 
quality of milk is considered, most of the difference will 
disappear. This is illustrated in the tests of the Jerseys, 
Fannie's Fairy and Linda Pedro, also in the tests of the 
Holstein's Schoone and Altje Salo. The cows that have ex- 
ceeded four years of age have yielded considerably more 
butter fat per day than those younger, but this in almost 
every case is due to an increase in yield of milk rather than 
to change in the per cent, of fat. The cows over four 
years of age show very little difference in yield that can be 
attributed to age, and it is probable that cows that have 
reached maturity will continue for severa.1 years to do about 
the same each year. 

In some cases where the tests continued several days 
there was found little variation either in the yield or qual- 
ity of the milk from day to day; in others the variation 
from milking to milking is quite remarkable. As an illus< 
tration of this variation the test of Maudine's Belle is given 
in detail in the following table: 
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Table 2.— Teat of Mavdine's Belle Shounng Daily Variations, 





Tlmo. 


MilJc. 


Pat. 


Fat. 


Total fob 24 Hours. 


\ 


















Milk. 


Av. fat 
for day. 


Fat. 


— ( 




Pounds. 


Per cent. 


Pounds. 


Pounds. 


Per cent. 


Pounds. 


tstday •{ 


A. M. 
P M. 


6.0 
4.6 


6.16 
8.20 


.26 
.14 


9.60 


4.21 


.40 


Sd day ,.\ 


A. M. 
P. M. 


8 76 
4.00 


9.00 
8.40 


.79 
.14 


12.76 


7.80 


.98 






8dday ■< 


A. M. 
P. M. 


8.26 
6.26 


4.80 
6.80 


.40 
.89 


14.60 


6.45 


.79 


4th day \ 


A. M. 
P. M. 


6.40 
6.26 


4.10 
6.41 


.26 
.84 


12.66 


4.74 


.60 

1 


Cth day -1 


A. M. 
P. M. 


7.60 
5.50 


6.00 
8.90 


.46 

.21 


18.00 


6.C7 


.66 







It will be noticed that during the second day she gave 2i 
times as much fat as upon the first day, although the quan- 
tity of miljk was increased only one-third. The greatest 
difference between any two milkings was found on the 
evening of the first day and the next morning, where the 
difference amounted to 5.8 per cent. fat. It is not usual 
for cows to vary as much as this, but such cases occur, 
especially where cows are disturbed or excited in any way. 

There were eight cows in the herd to which this cow be- 
longed and they were tested for five days; this gave 40 com- 
parisons between the evening's and morning's, milk, the in- 
tervals between the milkings being the same. In these 
cases the morning's milk was richer than the evening's milk 
seventeen times and twenty-one times the night's milk was 
the richer; in the two other cases the milk tested the same 
in the morning and evening. As a rule, where the inter- 
val between milkings vary the longer the interval the 
poorer is the milk. 
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TESTS AT HOME AND AT FAIRS. 

There is a general impression that cows tested at fairs do 
not do as well as when tested at home, but very few care- 
ful observations have been made to test this point. The 
following tests bear directly upon the question. 

First, the herd of C. B. Miller & Co. of Madison, consisting 
of eight cows, was tested at the Dane county fair in 1890. 
The cows were only three miles from home and had not 
been jolted around on cars so that they had been disturbed 
much less than is usually the case with cows on exhibition. 
The test at the fair lasted four days; after a week^s rest 
they were tested again at home for five days; the results of 
the two tests are given in the following table: 

Table 3.— Test of C, B. Miller <Sb Co.^s herd at home compared with the 

test at the Dane county fair. 



Naxb op Cow. 



IdaPogis 

Haudine's Belle 

CaUie Logan , 

Louis Grace , 

DameRhoda 

Elmwood Juanita , 

Neata Bullard , 

Annie Johnson 

Average of herd for one daj 



AvsRAGB Test per Day at 
Home. 


Average 

LbR. milk 

per day. 


Aver- 
age per 
cent, 
fat. 


Average 
Lbs. fat 
per day. 


9.85 


5.62 


.526 


12.48 


5.47 


.676 


13.45 


6.17 


.826 


8S.24 


4.19 


1.138 


20.50 


6.27 


1.29 


12.95 


5.49 


.75 


12.95 


6.87 


.894 


14.55 


6.05 
& 84 


.878 


14.92 


.872 



AvERAOB Test pbb Day at 
Fair. 



Average L^J^ 

Lbs. milk ^ZJ^ 

per day. *^®°'- 



Average 
Lbs. fat 
per day. 




* Average of three days, the other tests are averages of four days. 



It will be noticed that the weight of milk per cow is prac- 
tically the same at the fair as at home, the test at the fair 
averaged .69 per cent of fat less than the test at home. The 
average yield of fat per cow for %A: hours was. 787 lbs. at the 
fair and .872 lbs. at home. Maudine's Belle and Elmwood 
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Juanita did better at the fair than at home, while the others 
did better at home than at the fair. 

The second experiment was with two Hoi stein cows, 
Bijanetta'and Duchess of Springvale 4th from the herd of 
Gillett & Son of Rosendale. They were first tested for two 
days at home and the next week they were taken on the 
cars to the Fond du Lac fair, where they were tested for 
three days; on the following week they were taken to the 
btate fair at Milwaukee, where they were again tested. 
The following table gives the details of the test, and it 
will be seen that there was practically no difference either 
at home or at the fair. The slight difference shown by 
Duchess of Springvale 4th was in favor of the fair. 



Table i.^Test of Rijanetta at Home and at Fair, 





Hour milked. 


First Day. 


SlECOMD DAT. 


Third Day. 




Milk. 


Fat. 


Fat. 


Milk. 


Fat. 


Fat. 


Milk. 


Fat. 


Fat. 




12.30 P. M.. 

8. P. M .. .. 

5. 80 P. PI... 

Total for 24 
hours 


Lbs. 

18.44 
16.94 
25.00 


Per 
cent. 

2.76 

2.40 

2.40 


Lbs. 

.61 
.41 
.60 


Lbs. 

18.81 
17.75 
24.06 


Per 
cent. 

8.86 

2.75 

2.50 


Lbs. 

.61 
.49 
.60 


Lbs. 


Per 
cent. 


Lbs. 


At home. 
























60.38 


2.S» 


1,S2 


S9.94 


9.83 


1.70 
















At Fond du Lac 
County Fair. 


8.80P. M... 

6.80 A. M... 

12.80 P.M.. 

Total for 24 
hours 


19.25 
19.50 
18.60 


2.80 
2.20 
8.20 


.64 
.43 
.59 


16.60 
20.00 
17.20 


8.00 
2.80 
4.10 


.50 
.46 
.71 


16.00 
20.70 
17.60 


2.70 
2.10 
8.20 


.43 
.48 

.66 




S7.25 


».73 


1.56 


S8.80 3.10 


1.67 


54.20 


2.61 


1.42 


At Wisconsin State 
Fair. 


5.80 P. M... 

12.80 P. M.. 

8. P. M 

Total for 24 
hours 


24.40 
14.60 
17.30 


2.90 
4 00 
2.S0 


.71 
.68 
.50 


20.50 
16.90 
15.60 


2.40 
4.0^ 
8.20 


1 
.49 

.68 

.50 


22.60 
18.40 
16.50 


8.80 
8.80 
8.90 


.76 
.44 
.64 




S630 


3.18 


1.79 


63.00 


3.1S 


1.67 


26.&0 


3.49 


1.83 
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DucJiesa of SpringvcUe 4th at home and at fairs. 





12.80 P.M.. 

8. P. M. ... 

5.80 A. M .. 

Total for 24 
hours 


10.25 

0.68 

14.75 


8.80 
2.85 
2.80 


.84 
.28 
.84 


1C.19 

9.18 

18.09 


8.20 
8S0 
2.45 


.88 
.29 
.34 


i 














At home. 


















84.68 


9.78 


.96 


88.01 


9.99 


.96 












At Fond da Lac 
County Fair. 


8. P. M 

5.80 A. M ... 

12.80 P. M.. 

Total for 24 
hOUTB 


10.20 
12.40 
10.40 


8.00 
2.70 
8.80 


.81 
.88 
.40 


10.40 
12.00 
11.20 


8.40 
2.20 
4.60 


.85 
.26 
.52 


10.40 
11.60 
10.50 


8.16 
2.40 
8.60 


.83 

.88 

88 




88.00 


9.16 


1.04 


88.60 


8.88 


1.18 


89.80 


8.04 


.99 




5.80 A. H .. 

12.80 P.M.. 

8. P. M 

Total for 24 
hours 


12.20 
10.60 
10.20 


8.10 
8.70 
8.80 


.88 
.89 
.84 














At WisoooRln State 
Fair. 










































88,00 


8,87 


1.11 












.... . . 











The week after the above tests were made these cows 
were taken to the Indiana state fair, and the week follow- 
ing to the Illinois state fair at Peoria; at the latter place 
they were tested by Professor Farrington. The following 
table shows the result of his te3t. It will be seen that 
there had been a great falling off both in yield of milk and 
in the per cent, of fat, probably due to the fatigue and ex- 
citement of the journey. 



Table' V. — GilletVa Holsieins at Illinois State Fair, 1891. 



Time Milked. 



Morning. 

Noon 

Night.... 
Total 



Milk. 



Lbs. 

20.5 
9.0 
9.5 



RlJANETTA. 



89.0 



Fat. 



Per cent. 
1.7 
2.2 

1.8 



1.84 



Fat. 



Lbs. 
.35 
.20 
.17 



I 



.72 



Duchess of Springvale 4th. 



Milk. 


Fat. 


Fat. 


Lbs. 

15 

6 

5 


Per cent. 
1.0 

1.3 


Lbs. 

.15 

.or 


96 







r 
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In several instances where cows have been tested at 
home and at thef airs they have shown the milk to be much 
richer at the fair than when at home. For instance, the 
Jersey cow Dear Keepsake^ tested at the Portage fair in 
September, 1890, gave 11 pounds of milk that tested 10.7 per 
cent, of fat, the next milking she gave only 8. 06 pounds of 
milk which tested 7 per cent, of fat. 

At the Baraboo fair the grade Jersey, Daisy, owned by 
Hon. J. M. True, gave a high test. Mr. Trucks place ad- 
joined the fair grounds and the cow was kept in her usual 
quarters at night but on the fair grounds during the day. 
The details of this test are given in table six. 



Table VI,— Teat of Mr. True*8 Cow, Daisy, at Baraboo Fair. 



4J p. m 

. 4) a. m 

Total for day 



Lbs. milk. 


Per cent, 
fat. 


21.76 
19. S8 


6.6 
6.4 


41.13 







Lbs. fat. 

1.41 
1.05 



2 46 



It will be noticed that the highest per cent, of fat was in 
the evening after the excitement of the day on the fair 
grounds, while the lower percentage followed the quiet 
night condition. The interval between milkiogs were 
equal. The next week the cow was tested for seven days 
at home, the details of which are given in table seven. 
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Taale yiL— Teat of Hon, J, M, True's Cow, Daisy, at Home. 



Date. 




r 1 111— 


Per cent, 
fat. 


Lbs. fat. 


For TwKNTt-FouB 
Hours . 


Hour. ijo*. uiuK. 

1 


Lbs. mUk. 


Lbs. fat. 


Sept. 29 


1 
6 a. m. ' 17.5 


4.70 
4.70 
5.08 
3.99 
5.16 
4.46 
5.16 
4.46 
4.98 
4.98 
4.57 
4.69 
4.69 
4.46 


.82 

.99 
1.07 

.76 
1.10 

.88 
1.16 

.85 
1.12 
1 07 

.96 
1.02 
1.02 

.99 






Sept. 80 


6 p. m. 
6 a. m. 
6 p. m. 
6 a. m. 
6 p. m. 
6 a. m. 
6 p. m. 
6 a. m. 
6 p. m. 
6 a. m. 
6 p. m. 
6 a. m. 
6 p. m. 


21.0 

21.25 

19.00 

21.25 

19.25 

22.60 

19 00 

22.75 

21.00 

21.00 

21.75 

21.75 

22 25 


88.50 
40.25 


1.81 




1.88 


Oct. 1 






Oct.2 


40.50 


1.98 


Oct. 8 


41.50 


2 01 


Oct.4 


44.60 

• 


2.19 


Oct.6 


42.75 


1.98 




44.00 


2 01 


Totals and av. . 




292.00 




13.81 


41.71 


1 97 









It will be noticed that at no time during the home test did 
her milk contain as high a per cent, of fat as at the fair, al- 
though the quantity of milk was about the same in both 
cases. The yield of fat during the week's test at home was 
13.81 pounds; if she had given milk which averaged as rich 
as her test at the fair showed, she would have vielded 17.22 
pounds of fat during the week. 

In order to obtain a photograph of this cow with her 
udder distended, she was turned out of the barn on the 
morning after the test was completed without being milked; 
usually she had been milked at 6 o'clock. The cow seemed 
much worried over this irregular treatment, and after she 
was let out of the barn she was considerably excited over 
being separated from the other animals in order that the 
photograph might be taken. It was after 9 o'clock when 
she was driven into the barn and milked; she gave 28.25 
pounds of milk at this milking, which tested 6.33 per cent, 
fat; this was more than 1 per cent, higher than any test 
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which she had made during the week, and nearly as high 
as her test at the fair. It is probable that the excitement 
caused by the fair and by the irregular treatment when the 
photograph was taken caused these high tests. 

The value of a cow depends largely upon her being a 
persistent milker. Some cows yield a large quantity of but- 
ter fat for a short time and then rapidly fall off and perhaps 
remain dry for some months so they will scarcely pay for 
their keeping the whole year. 

Several instances of cows yielding large quantities of fat 

at advanced periods of lactation will be found in Table I. 

The most notable is that of Brown Bessie with a yield of 
1. 51 pounds of fat after being milked 288 days.. On this 

test she was selected for competition in the World's Fair 

dairy test where she won the sweepstake prize. During this 

test on her one hundred and eighty ninth day in milk she 

gave 2.44 pounds of fat. 

CONCLUSIONS. 

First. The quality of milk improves but little, if at all, as 
the cows grow older. 

Second. The same cow may show great variations in the 
quantity and quality of her milk from day to day. 

Third. There is not usually as much difference between 
tests at fairs and at home as is claimed^ but cows may be 
become so fatigued that they will not do nearly their nor- 
mal work. 

Fourth. Excitement may increase the fat in milk as well 
as diminish it. 

Fifth. Individuality is a great factor in determining a 

cow's value. 
Sixth. No one breed can claim all the good cows. 
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THE EFFECT OF SALT UPON CHEESE. 



J. W. DECKER. 



The folio wing experiments were undertaken to determine 
the effect of salt upon the texture and quality of cheese. 
In the first experiment 31.5 lbs. of curd was divided into 
three equal portions; to No. 1 no salt was added, while Nos. 
2 and d were salted at the rate of 1.5 lbs. and 3 lbs. of salt 
per 100 lbs. of curd, respectively. The weight of green 
cheese from each of these lots was: No. 1, 10 lbs.;. No. 2, 
9.75 lbs., and No. 3, 9.6 lbs. The analyses which follow 
show that this difference is due to a more thorough expul- 
sion of moisture from the salted curda. When four weeks 
old these cheese were cut and samples examined. At this 
time No. 1, containing no salt, was bulged at the ends and 
contained numerous gas reservoirs. It had a sweetish 
taste and a pasty texture; No. 2 was slightly bulged at the 
ends and contained but few holes which were smaller than 
those in No. 1. It also had a much better flavor and text- 
ure than No. 1, but was a little too weak bodied. No. 3 
was a very fine, slow curing cheese; it was not bulged at 
all and contained no holes; its flavor and texture were per- 
fect, although it was not as f p.r advanced as the others. 
The upper row in the accompanying illustration (Fig. 24) 
shows the appearance of a section through the middle of 
these cheese when cut. 
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Fio. 24— Ellwt ol salt od leiture o( cheese. No, 1. no salt; No. 3, lU lbs, of 
salt (upper ohtesej, a lbs, (lower cheeeej per WO lbs. oI curd; No. B, 3 lbs oI salt 
per lOV lbs. of curd, 

^ At this time partial analyses were made of these cheese 
with the results given in the following table: 



Table I.Skoimng effect of salt upon compotilion of cheese. 





Wt,of 
curd. 


■Sr 


Wl.o( 


" fzed. 


Water 


^. 


Salt. 


Ash 




lbs 




lbs. 


lbs.. 


pr.ct. 


pr.Gt. 


pr.ot 


pr,ct. 


CheeseNo. 1 


10,5 


,0 


10,0 


. 0,4 


34,1! 


3.88 


.OS 


2.SS 


Cb.teaeVo.2. 


10 5 


I.S 


B.75 


0.2 


81.85 


S.lfi 


.CE 


2.50 


Cheese No. 8. 


lO.S 


a.o 


9,S0 


8,9 


=*^ 


3.85 


1,17 


a.68 



The analyses show that the cheese from the salted curds 
contained less moisture than that from the unaalted, the dif- 
ference being sufficient to account for the difference in 
yield. They also show that the cheese contained prac- 
tically no salt except what was added, the salt originally 
in the milk being mostly lost in the whey. The salt re- 
tained by the cheese is not proportional to the amount 
added to the curd. 

Another experiment made in the same way, except that 
No. 2 was salted at the rate of i Ibe. instead of 1.5 lbs. per 
lOCVlbs. of curd gave practically the same results. The ap- 
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pearance of the second lot of cheese is shown in the lower 
row of the illustration. 

Determinations of the ash and salt in the second lot of 
cheese and in the milk from which they were made are 
given in the following table: 

Table IL^Showing ash and salt in milk and eheese. 



Milk used in experiment 

Whey from above milk 

Cheese No. 1, no salt used 

Cheese No. 2, salted at the rate of 2 lbs. per 1,000 lbs milk 

Cheese No. 8, salted at the rate of 3 lbs. salt per 1,0C0 lbs. milk .... 



ARb 


Salt. 


Per ct. 


Per ct. 


.74 


.14 


.62 


.17 


2.84 


trace 


8.45 


.98 


8.00 


1.08 



Ash 
not salt 



Per ct. 

.60 

.45 

2.84 

2.47 

2 57 



It will be seen that aside from the salt the per cent, of 
ash in the cheese is nearly constant and coincides closely 
with that found in the first experiment. 

At my suggestion Mr. U. S. Baer, a former student in 
this school, conducted experiments by dividing curds and 
salting them at rates from 2.25 to 3 lbs. per 100 lbs. of curd. 
In every case the judgment of the buyer was that the last 
lot was best, both in texture and flavor. 

As a result of our experiments we conclude: 

1. Only a trace of the salt originally in the milk is retained 
by the cheese. 

2. Salt applied to curd diminishes the yield of cheese by 
expelling moisture. 

3. Increasing the amount of salt makes the cheese cure 
more slowly, and up to about 3 lbs. of salt per 100 lbs. of 
curd cheese of better texture and flavor are obtained. 
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THE FAT GLOBULES IN COWS' MILK. 



F. W. WOLL. 

Through the courtesy of the committee in charge of the 
dairy tests at the World's Columbian Exposition in Chi- 
cago^during the summer of 1893, the writer had the privilege 
of making microscopic examination of the milk from the 
herds competing in the tests, as well as that from individ- 
ual cows. The work was done in the interval between 
August 26th, and October 18th, 1893. The results of the 
examination are given below; the data were obtained from 
the official samples, taken by the committee or their au- 
thorized respresentatives. Samples of the mixed evening 
and morning milk of the herd milks were examined daily 
for four consecutive days; composite samples for four day 
periods were examined in case of the milk from single 
cows. In the latter case 50 cc. of milk was measured out 
from the mixed evening and morning sample on four con- 
secutive days, into a pint fruit jar, containing a little po- 
tassiun bichromate, and the number of globules was deter- 
mined in the composite sample. Comparative exami- 
nations showed that the results obtained by the twQ methods 
agreed within the limits of the error of determination. 

The percentages of fat in the examples examined were 
obtained from the chemist in charge of the analytical work 
connected with the tests. Prof. E. H. Farrington, and were 
the official data. 

The animals in the tests were all thoroughbred, registered 
cattle, selected especially for these competitive trials from 
herds in all parts of the United States, or Canada, and 
were thus thoroughly representative of the respective 
breeds. The results of the test will bear out the statement 
that most of the cows were excellent animals, and that the 
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herds as a whole were a gatherinfi: of dairy cows as has 
perhaps never before been seen anywhere. 

In the following tables the more important data in con- 
nection with the special subject under discussion are given. 

Examinations of ihe herd milk were made in the second 
(the ninety day) breed test, while in the subsequent tests 
both the mixed herd milk and the milk from the individual 
cows in the test were examined. The data will be discussed 
after all the tests have been gives . 

Breed Test No. 2.— (Ninety day butter test.) 

From June 1st, to August 29th; seventy-four cows in the 
test, twenty-five each of the Jersey and Guernsey breeds, 
and twenty-four of the Short Horn breed. The microscopic 
examinations of the samples of the herd milk were made 
during the last four days of the test. The yield of milk, 
per cent, and yield of fat, average number of globules and 
their relative size were as given in the following table: 



Breed test No, 2. — Avg, 26-29, indttsive. 



Breed. 


Date. 


Av. No. 

of days 

from 

calving 


Av. 

age 

of 

cows. 


Milk 
yield. 


Fat. 


■ 

Yield of 
fat. 


No. of 
globules 
m .0001 
cmin. 1 


Relative 

size of 

globules. 


f 


Auer. 26..... 




years. 


lbs. 
772.2 

740.4 

721.1 

690.3 


perct. 

4.8 

4.5 
4.7 
50 


lbs. 
86.67 

33.61 

35.60 

34.62 


149 
158 
169 
189 


b22 


Jerseys . . . . - 


Aug. 27 

Aug. 23 

Ausr. 29. . .. 


a • • • * • • 
• . • • • 


• . • • • ■ • 


286 
290 
265 












Average... 


156 


7.6 


731.0 


4.81 


35.12 


166 


290 • 




t 

Atig. 26. . . 
Aiur. 27 




^ 




« ■ • . . • 


606.9 
597.1 
583.8 
582.1 


4.4 
4.1 
4.1 
4.5 


96.11 
24.65 
24.36 
25 45 


168 
177 
204 
212 


261 
232 


Quemseys. - 


AuiT. 28. ... 






201 




Aue. 29 






213 


X 


• . ••• ••••• 

Auk. 26 








Average. . . 


151 


68 


598.0 


4.15 


25 14 


190 


217 - 


' 






660.8 
667.2 
663.1 
658 1 


3.5 
8.3 
3.4 
35 


23.13 

[22.72 
23.23 








Aufir. 27 






180 
196 
207 


183 


ShortHoms- 


Aug 28 






174 




Aug. 29 






169 












Average. . 


150 


6.0 


662.8 


348 


( 22.72 


194 


177 









L 



\ 
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Breed Test No. 3. (Thirty day butter test.) 

From August 29th to September 28th; forty-five cows 
were included in the test, fifteen of each of the herds com- 
peting in the preceding test. The cows in this test were* 
selected from those included in test No. 2, with the excep- 
tion of three Jerseys, five Guernseys and four Short Horns 
which had not been in any of the previous tests. Samples 
of the mixed herd milk from each herd were examined mi- 
croscopically during the first four and last four days of the 
test; the milk from the individual cows was examined in 
the same manner as the test progressed. The examination 
of the milk gave the results given below: 

Breed test No, S.—Aug, SO-Sept, a, and Sept. 25-28. 



Breed. 



Jerseys 



Average. 



Jerseys . 



Average 



Ouernseys. 



Average. 



Ooem^eya. 



Average. 



15 



.-{ 



Date. 



Aug. SO . . . 
Aug. 31 . . . 
Sept. 1.. . 
Sept. 2.... 



Sept. 26 
Sept. 26 
Sept. 27. 
Sept. 28 



Aug. SO . . 
Aug. 81 . . 
Sept. 1... 
Sept. 2 . 



Sept. 25. 
Sept. 26. 
Sept. 27. 
Sept. 28 



Av, No. 
of days 

from 
calviog 



139 



166 



107 



188 



Milk 
yield. 



lbs. 
474 3 

487.2 
487.8 
492.9 



Fat. 



perct. 
4.9 
4.6 
4.7 
4.9 



465.6 



432. 1 
448.6 
461.7 
458.7 



447.8 



445.7 
452.9 
461.4 
468.7 



457.2 



4 73 



4 8 
5.4 
5.2 
6.0 



4.98 



4.3 
4 2 
4.3 
4.4 



4.28 



488.6 
486.1 
444.0 
459.6 
444.3 



YIeH of 
fat. 



lbs. 

22.63 

22.56 

22.87 

23.91 

29.97 



20.58 
23.80 
22.87 
22.43 



22.29 



18.88 
19.14 
20.04 
20.26 



19.57 



4.6 


4.6 


4.6 


4.6 


4.48 



19.^ 
19.48 
19.91 
20.78 
lilT 



No. of 
globules 
in.OuOl 

cmm. 



187 
150 
134 
129 
188 



154 
155 
140 
166 



161 



167 
161 
161 
146 



154 



Relative 

size of 

globules. 



858 
807 
352 
383 



843 



812 
819 
872 
323' 



880 



273 
278 
267 
803 



278 



174 
167 
198 
172 
176 



266 
292 
233 
267 
256 



»:e6 



Elsyskth Annual Report of thb 



Br^ed t^ No. ^--Aug. SO-Sept. 2, and S^i>^.25-28.- Coatinucd. 



Br«e<t 



ghof t Horns. 



▲▼•rage. 



9))ort Honis. 



▲ysrage. 



Date. 



Aug. 80 
Aug. 81 
Sept. 1., 
Sept. 2. 



Sept. 25 
Sept. 26. 
Sept. 27. 
Sept. 28 



At. No. 
of days 
from 
calving 



119 



145 



Milk 
yield. 



lbs. 
528.6 
5ai.2 
539.6 
548.1 



536.6 



518.1 
515.5 
514.8 
523.2 



516.5 



Fat. 



Per ct. 
8.3 
3.3 
8.8 
8.5 



3.87 



3.6 
8.8 
8.5 
8 5 
8.58 



Yield 
fat. 



lbs. 

17.89 
17.48 
18.01 
18.79 
16^01 

18.76 
18.86 
18.10 
18.24 



No. of 

globules 

In .0001 

cmm. 



18.49 



166 
134 
150 
162 



153 



190 
190 
156 
149 



171 



Relative 

Hizeof 

globules. 



199 
246 
290 

216 



216 



189 
200 
225 
23S 



209 



Average of both determinatione. 



Jerseys 

Guernseys.. 
Short Horns 



Af. No. 
of days 

from 
calving 



142 
121 
182 



Ay. age 

of 
cows. 


Milk 
yield. 


Fat. 


Tears. 

7.7 

7.1 
8.4 


Lbs. 
466.7 

450.7 

526.1 


Perct. 

4.86 

4.38 
8.47 



Yield of 
fat. 



Lbs. 
22.63 

19.74 

18.26 



Globules 
in .0001 
cmm. 



144 
164 
162 



Relative 

size of 

globules. 



837 
267 
214 
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Examination of milk from individual cows on breed teat No» 3. 



No. 



Name of cow. 



Age 
yrs 



1 
si 
8 
4 

5 

6 

7 

■ 8 

9 

10 

U 

13 

18 

14 
15 






1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Jersey Cows. 

Ida Marigold, 33615 

Islip Lenox, 31703 

Brown Bessie, 74997 

Bayda Third, 17817.. 
Baroness Argyie, 40498. . 
Flora Temple, 40086 ... . 

Signal Queen, 80869 

Sheba Rex, 47429 

Exile's Lulu, 49964 
Merry Maiden, 64949 



Da'e of 

last 
calving 



8.2 
10. 

8.5 
11.5 

7 

7.8 
10. 

8. 

7. 

6. 



.Days 
Date of from 
examination, calv- 
ing. 



Cupid's Jersey Maid,36040 8. 

Stoke Pogis Elegina, 48S01 

Kattaerine of Pittsford. 
73169 



Hugo Comtess, 68894 

Romp's Princess. 51185. . 

Ouemsey Cows. 

Amanda, 2553 

Aldine, 1211 

Careno 

Duchess of Orleans 

Essence imp., 3667 

Ethics of Cornwall 

Lady of Ellerslie, 4543... 

Marita 

Matema, 1384 

Purity 

Princess Aster, imp., 4439 

Rosetta Fifth, 8696 

Select Eighth, 4059 

Sweet Ada, 3596 

Vesta's Valencia 



8.1 

4.8 

6. 

6.8 

8. 

10.5 
3.5 

8. 
5. 
4.3 
80 
11. 
8.5 
5.5 
85 
6. 
8.2 
4.5 



1893. 

Apr. 29 

Mayir 

Apr. 21 

Mar.lS 

Apr 21 

Apr. 1 

Apr. 4 

Feb. 22 

Apr. 15 

Apr. 15 

Hay 1 

July 29 

I 

Aug. 10 

Mar. 7 

Apr. 17 

1893. 
May 10 
Apr. 16 
July 28 
July 1 
May 17 
Apr. 6 
May 9 
July 10 
Apr. 5 
Aug. 12 
May 18 
Mar. 27 
Mar. 16 
Mar. 20 
June 22 



Av. 

milk 

yield. 



1898. 

Sept. 4-7 

Sept. 4 -7 

Sept. 4-7 

Aug. 80-Sept. 2 

Sept. 8-11 

Aug. 30-Sept. 2 

Sept. 8-11 

Sept. 8-11 

Sept. 12-15 

Sept.' 12-15 

Sept. 12-15 

Sept. 16-19 

Sept. 16-19 
Sept. 16-19 
Sept. 20-23 

1893. 

Sept. 4-7 

Sept. 4-7 

Sept. 4-7 

Sept. 8-11 

Sept. 8-11 

Sept. 8-11 

Sept. 12-15 

Sept. 12-15 

Aug. 80-Sept. 2 

Sept. 12-15 

Sept. 16-19 

Sept. lft-19 

Sept. 16-19 

Aug. 80-Sept. 2 

Sept. 20-22 



130 
112 
188 
172 
142 
163 
159 
900 
152 
152 
186 
61 

89 
196 
154 

119 
143 
140 

71 
116 
157 
128 

66 
149 

88 
128 
176 
186 
154 

92 



Fat. 



lbs. 
34.6 
26.0 
40.6 
28.0 
29.6 
31.1 
31.0 
88.8 
822 
88.8 
86.7 
84.1 

85.0 
16.8 
26.4 

29.0 
26.4 
30.2 
86.9 
21 2 
30.8 
22.3 
33.4 
86.6 
85.1 
28.4 
29.6 
28.0 
82 7 
83.2 



No. 
of 
glob- 
ules 
in 
.0001 
cmm. 



per 
cent. 

4.95 

5.58 

5.28 

4.48 

4 93 

4.75 

4.26 

4.50 

4.56 

5.60 

4.83 

4.98 

4.18 
7.68 
6.86 



4.03 
4.65 
4.88 
3.60 
5.00 
4.50 
5.20 
3.85 
8 93 
4.83 
3.88 
4.28 
6.10 
4.50 
4 33 



Rel. 
size 
of 
glob- 
ules. 



I 



135 
117 
156 
188 
148 
187 
180 
126 
155 
92 
192 
181 

162 
168 
128 



178 
129 

93 
135 
a06 
176 
220 

99 
206 
105 
174 
280 
174 
190 
156 



866 
478 
886 
826 
838 
846 
286 
838 
294 
698 
225 
877 

256 
482 
476 

226 
839 
626 
266 
243 
256 
286 
837 
189 
418 
228 
153 
293 
287 
277 
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Examination of milk from individual cows on teat No. 3. 



No. 



1 

2 

2 

8 

4 

6 

6 

6 

7 

8 

9 

10 

11 

12 

18 

18 

14 

15 

15 



Name of cow. 



Aire ^^^ ^^ 
^^^- calving 



Short Horn Cows. 
Kitty Clay Fourth 29, 653. 
Kitty Clay Third 5P, 653 1 
Kitty Clay Third S9, 558 ) 

Vervain, 3U, 825 

Waterloo Daisy, 19355 .... 
Fair Maid of Hulb't, 9047 
Kitty Clay Fifth, 57, 872 
Kitty Clay Fifth, S7, 872 
Kitty Clay 8eventh,S8, 671 

Lucy Aon, 5^, 925 

Betsey Seventh 

Belle Price, ^fi, 604 

Lady Bright, 5, 884 

Rosa, 56, 714 

Nora ) 

Nora .. ) 

Gteaevieve, 36, 860 

Bashful Second, 3,5, 880. ) 
Bashful Second, 35, 380. ) 



9.5 

10.5 

8.5 
5. 
10.3 

6 8 

6 6 
8.3 
7.5 
10.2 
16.4 
5.2 

r.2 

9 

7.8 



1898. 
July 19 



Date of 
examination. 



Apr 



Hi 



Aug. 5 1 
Apr. 21 
May 25 

July b 

Apr. 10 
Apr. 27 
Apr. 9 
Mar. 3 
June 14 
Mar. 2: 

Apr. 18 

Apr. 4 

Mar. 17 



\ 



1893 

Sept. 4-7 

Sept. 4-7 

Sept. 20-23 

Sept. 4-7 

Sept. a-11 

Aug. 80-Sept. 2 

Sept. 8-11 

Sept. 20-28 

Sept. 8-11 

Sept. 1-4-15 

Sept. 12-15 

Sept. 12-15 

S«-pt. 16-19 

Sept. 16-19 

Aug. 30-Sept. 2 

Sept. 20-23 

Sept. 16-19 

Sept. 20-23 

Sept. 25-28 



] 



Days 
from 
calv- 
ing. 







No. 






of 


Av. 




glob- 


milk 


Fat 


ules 


yield. 




in 

.0001 

cmm. 



Rel. 
size 
of 
glob< 
ules. 





lbs. 


49 


56.8 


185 


48.2 


151 


89.8 


82 


89.2 


142 


41.0 


99 


81.6 


67 


23.5 


79 


82.3 


153 


27.1 


140 


26.0 


159 


81.1 


197 


38.1 


96 


35.3 


175 


29.5 


141 


38.5 


162 


84.0 


167 


3i.O 


1S9 


80 5 


194 


32.8 



per 
cent. 




8.23 


188 


3.23 


89 


3.38 


49 


8.88 


114 


8.43 


226 


3.48 


96 


4.13 


88 


3.80 


38 


4.28 


135 


3. SO 


263 


3.70 


120 


4.20 


280 


8.58 


38 


3.48 


284 


3.58 


67 


3.78 


51 


8.48 


853 


4.25 


38 


4.18 


40 



172 

8S6 

692 

283 

152 

859 

1,095 

1,000 

316 

144 

309 

150 

942 

122 

627 

696 

97 

1,127 

1,056 



Breed Test No. 4. (Heifer Test.) 

From September 30th to October 20th, inclusive; seven 
Jersey heifers and six Short Horn heifers were included in 
the test. The samples of milk from the two herds as well 
as from the individual cows in the test were examined dur- 
ing the first four days of the test. 
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Breed Test No, 4, October 1-4, 1893. 



Breed. 


Date. 


Av. No. 
days 
from 
calv- 
ing. 


Av. 
age of 
cows. 


Milk 
yield. 


Fat. 


Yield 
of fat. 


No. of 
globules 
in .0001 

cmm. 


Relative 

size of 

globules. 


^ 


Oct. 1... 


days. 


years. 


lbs. 

156.0 
156.4 
156.3 
154 9 


pr.ct. 

4.9 
4.8 
4.8 
4.8 


lbs. 

7.79 
7.51 
7.50 
7.42 


135 
150 
161 

178 


362 


Jersey 
(7 cows) 


Oct. 2. . . 






320 


Oct. 3. . . 
Oct. 4. . . 






298 
269! 


^ 


Oct. 1... 








Average 


66 


2.4 


156.7 


4.82 


7.56 


156 


309 








124.3 
127.3 
124.0 
124.0 


4.1* 
4.0 
4.0 
4 


5.10 
5.09 
4.96 
4 96 


71 

87 

77 
84 


579 


Short Horn 


Oct. 2. . . 






462 


(6 cows) 


Oct. 8. . . 
Oct. 4... 






518 
478 


Average 


107 


29 


124.9 


4.03 


5.03 


80 


504 



Examination of milk for individual cows. 



o 



1 
2 
8 
4 
6 



1 
2 
3 
3 
4 
5 
6 



Name of cow. 



Age. 



Jersey cows. 

Elturia, 80701 

Campania, 8347r. . . . 

Lily Garfield, 79819. 

lolaF., 85529 

Woodstock Mystery 
77746 

Woodstock Lady, 
80619 

Jeanette of Pitts- 
ford, 73185 

Short Horn cows. 

Kitty Clay 8th 

Aggie 2nd 

Miss Rennlck 24th.. 

Mist* Rennick 24th . 

Fancy 15th 

Blo«om 

Belle of Trowbridge 



years 

3 

3 

2 

2 

2 

2 

3 

3 
3 
8 
3 
3 
3 



Date of 

last 
calving. 


1893 




July 


15 


July 


27 


July 


12 


July 


13 


Aug. 


23 


Aug. 


15 


Aug. 


4 


April 


5 


July 


1 


Sept. 


18 


Sept. 


18 


Sept. 


15 



Date of 
examina- 
tion. 



1893. 

Oct. 1-4 

Oct. 1-4 

Oct. 1-4 

Oct. 1-4 

Oct. 1-4 

Oct. 1-4 

Oct. 1-1 



Days 
from 
calv- 
ing. 



April 17 
April 27 



Oct. 
Oct. 
Oct. 



1-4 
1-4 
1-4 



Oct. 15-18 

Oct. 1-4 

Oct. 1-4 

Oct. 1-4 



80 
68 
83 
S2 

41 

49 

60 

181 
94 
15 
29 
18 
169 
159 



Aver- 

milk 
yield. 



20.6 
24.8 
26.9 
22 6 

18.3 

20.1 

23.5 

14.3 
23.1 
2S.4 
27.2 
24.8 
16.9 
17.4 



Fat. 



pr. ct. 
4.40 
4.23 
5.03 
4.63 

5.55 

4.40 

4.35 

4 56 
4.00 
3.83 
3.27 
3.77 

3 63 

4 50 



No. of 

glo- 

bule8 in 

.0001 

cmm. 



185 
187 
143 
148 

105 

124 

125 

56 
47 
19 
24 
65 
208 
117 



Rela- 
tive 
size of 
glo- 
ules. 



238 
229 
853 
813 

529 

354 

348 

813 
853 
1,982 
1,413 
574 
175 
886 
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DISCUSSION OP RESULTS. 

The data given in the preceding tables were obtained 
from 99 COWS in all, and those of single determina- 
tion from 58 cows. The average determinations of the milk 
from the different herds have been calculated, and were as 
follows: 

SUMMARY OP RESULTS. 
Breed teat No, 2; examinationa made Aug. 26-29, inclusive. 



Breed. 



No. of cows 



Jersey 

Guernsey . . . 
Short Horn 
Average 



S5 
25 



Av. No. of 

days from 

calving. 



156 
151 
150 



1S*4 



No. of glob- 
ules in 
.COOlcmm. 


Relative 
size. 


166 
190 
194 


S90 
217 
177 


1S3 


22S 



Av. diam- 
eter of 
globules. 



mm 
.00395 

.00358 

.00335 



00363 



Breed test No, 3; exaviinations made Aug. 30,-<Sep^ 2, and Sept 25-28, 



Jersey 

Guernsey . . . 
Short Horn 
Average 



15 


142 


144 


887 


15 


121 


164 


267 


15 


1S2 


162 


214 




13» 


IS7 


973 





.00415 

.00884 

.00357 

.0038S 



Breed test No. 4; examinations made Oct. 1-4, inclusive. 



Jersey .... 

Short Horn . 

Average 



6 



Average for all breeds and tei^ts 



66 
107 


156 
80 


809 
504 


87 


lis 


4107 


l»8 


157 


989 



.00408 
.00479 



.00441 



,00391 



Twelve new co ^ s were included in the test No. 3, and 
the number on the test decreased to 15 cows from 
each herd. In tests No. 2 and 3 the average size of the 
globules in the milk from the different herds was largest 
with the Jerseys, the Guernseys coming next and the Short 
Horns last. In the heifer test, on the other hand, the Short 
Horns had the larger average globules, in spite of the fact 
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that they were 41 days further advanced in the period of 
lactation than the Jersey heifers, which as has been pre- 
viously shown, would naturally bring a diminution in the 
size of the globules.* The average results for all herds and 
tests were 157 globules in .0001 cmm. and a relative size 
of 289, corresponding to an average diameter of .00391 
mm., the results having been obtained with cows 128 dg,ys 
in milk. 

An examination of the results obtained with the sam- 
ples of milk from individual cows show nothing of partic- 
ular interest except in the case of the Short Horn cows and 
heifers Kitty Clay 3rd and 5th, Nora Bashful 2nd and Miss 
Rennick, all of which had a remarkably low number of 
globules per cubic millimeter of milk and therefore also a 
high relative size of the globules. The explanation natur* 
ally suggesting itself was that the cows were feverish 
when the examinations were made/ but I am informed 
by the Superintendent of the Short Horn herd, Col. H. H. 
Hinds, that the cows were perfectly normal at the time, 
and gave no indication of being sick, either from the 
amount of food eaten, milk flow or per cent, of fat in the 
milk. We must therefore conclude that individual cows 
may occasionally give on an average only 19 globules per 
cubic millimeter of milk at the beginning of their lactation 
periods, the average relative size of the globules being 1982 
(= diameter of average sized globules .00749 millimeter). 

The plan of examination followed in the investigation 
under discussion makes possible a check of the results 
obtained in the examination of herd milks and in that from 
individual cows. If we calculate the average data of the 
determinations of the globules in the milk for the individ- 
ual cows considering the quality of milk produced by each 
animal in each case, we have the following statement: 

*Wis. Experiment Sta. Report, VII, 240; Agricultural Science, VI, 
445-453. 
« Wis. Expt. Sta. Report, VII, 246; Agricultural Science, VI, 522. 
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\ 

• 


No. of globules in .0001 cmm. 


Relative size of globules. 


Breed test No. 8. 

Herd milk (Av. of Au^. 
3&-Sept. 2 and Sept. 
25-28) 


Jersey. 
144 

144 

156 
147 


Guernsey 
164 

166 


Shorthorn. 
1G2 

151 

80 
79 


; Jersey. 

i 

887 

343 

809 
816 


Guernsey . 
267 

262 


Shorthorn, 
214 


Av. for milk from single 
cows (Av. of exami- 
nations made Aug. aO- 
Sept. 23) 

Breed teat No, 4. 

Herd milk (Av. Oct. 
1-4) 


241 
504 


Av. for milk from single 
cow (Oct. 1-4) 




1 


499 






1 





The results are remarkably uniform and illustrate em- 
phatically the correctness of the Babcock method of enu- 
meration of fat globules in cow's milk. 



EXA.MINATION OP MILK FROM COWS IN THE UNIVERSITY HBRD. 

The microscopic examinations of the milk of cows in the 
University herd, begun in 1888 and described in the Sixth 
and Seventh Reports of this Station, were continued up to 
the spring of the present year (1894), mainly for the pur- 
pose of studying the influence of advancing age on the size 
and number of the fat globules in the milk of the cows. 
The investigation was brought to a sudden end by the 
spread of tuberculosis in our herd, and the subsequent 
slaughter of all animals but two, and the results may there- 
fore be less decisive than would have been the case if data 
for a larger number of years could have been secured. 
The average determinations for the individual cows are 
given in the following tables and will illustrate the vari- 
ations in the size of the globules as in the yield of milk 
and per cent, of fat at different stages of the lactation 
period, and during subsequent lactation periods. 
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Fat globules in cows' milk. 





At Beoinnino of Lactation 
Period. 


At End of Lactation Period. 


Naxb. 


No. 
of 

«riob. 


Rela- 
tive 
<}ize. 


Yield 

of 
miJk. 


Fat. 


Days 
from 
calv. 


Year. 


No. 

of 

glob. 


Rela- 
tive 
size. 


Milk. 


Fat. 


Mil 

Days 

from 

calv. 


Sylvia, 
1888 


161 
128 
189 
121 

108 
168 
101 

271 

118 
108 

226 
110 

91 
115 
114 

77 


861 
891 
316 
883 

889 

288 
420 

175 
889 
S2tS 

141 
817 
481 
881 
385 
650 


lbs. 
19.80 
19.88 
28.44 

1 22.88 

20.46 
24.60 
28.22 

18.88 
25.86 
10.12 

18.47 
26.80 
35.84 
87.83 
86.98 
30.68 


pp. cfc. 
5 61 
4.97 

4.08 
4.55 

4.19 
4.79 
4.81 

472 
4.89 
6.56 

8.18 
3.78 
8.85 
S.80 
4.37 
4?25 


31 
18 
12 
11 

62 
12 

12 

61 
18 
12 

99 
12 

12 
IS 
15 
12 


1889 
1890 


826 
279 


181 
185 


lbs. 
4.73 
18.86 


pr.ct. 
6.97 
6.11 


284 
252 


1889 


1890 


1891 














Topty, 
1888 


1889 
1800 


318 
263 


152 
128 


14.55 
15.86 


4.82 
8.20 


282 

286 


1889 

1890 


1888 

1889 


1880 
1890 

1886 
1800 
1801 
1802 


860 
468 

817 
424 
862 
822 


186 
116 

116 
77 
95 

106 


6.28 

8.56 

8.80 
8.74 
6.62 
6.40 


6.3S 
6 44 

8.68 
8.22 
8.25 
3.88 


243 
2S2 

249 
245 
334 
295 


1800... 
Bunn. 
1888 


1880 


1800 

1891 


1892 


1898 














Mattie. 


1890 
1891 


561 
246 


66 
185 


13.88 
16.92 


368 
3.26 


242 


1890 


178 
166 

203 
199 
189 
205 

171 


210 
210 

213 
192 
226 
207 
261 


21.90 
29.14 

24.88 
22.92 
28.26 
24.28 
24.04 


3.67 
3.44 

4.37 
3.79 
4.17 
4.18 
4.46 


12 

28 

12 
14 
17 
11 
23 

1 


166 


1891 




Beauty. 
1889 

looU .. ...... 


1890 


575 


89 


10.02 


6.09 


294 


1891 














1802 














180S .\.. 















Sylvia H, 


1889 
1890 
1891 


SOS 
314 
305 


241 
160 
191 


4.74 
16.53 

■ 

7.22 


7.d2 

6.25 
6.79 


851 


1800 


103 

• • • • • 


460 


21.10 


4.62 


21 


257 


«••• ■•••••••• 


298 
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Fat globules in cows' milk— Qoniinued, 





At Beginning of Lactation 
Period. 


1 At the End ob Lactation Period. 


Name. 


No. 

of 

glob. 


Rela- 
tive 
size. 


Milk. 


Fat. 

pr.ct 
4.90 

4.93 

4.48 
4.18 

4.25 
6.27 
5.38 
4 92 

4 69 
6.16 
6.90 

4.48 
4 89 
6 38 
6 04 

6.64 
4.07 
4.66 
4.66 

2.68 
2.94 
3.17 


1 

Days' 

from 

caiv.i 


! Year. 


No. 
of 

glob. 
231 


Rela- 
tive 
size. 

244 


Milk. 


Fat. 


III 


Oovemor H. 
1890 


106 

181 
138 
166 

123 

218 

98 

96 

181 
161 
169 

116 
118 
145 
179 

168 
198 
168 
182 

182 
104 
109 


464 

896 
326 
254 

378 
241 
650 
619 

361 
345 
349 

411 
418 
383 
721 

380 
206 
286 
267 

203 
286 
292 


lbs. 
26 26 

31.66 
28.14 
29.72 

16.66 
12.76 
19.90 
19.82 

24.02 
27.06 
14.40 

21.66 

21.74 

9.76 

28.60 

31.84 
26.78 
26.98 
28.20 

28.66 
41.40 
43.68 


\ 
12 

17 

25 
18 

18 
1^ 
16 
11 

12 
18 
24 

19 
10 
16 
14 

13 
12 
12 
14 

18 
12 
14 


1889 


lbs. 
2.66 


pr. ct. 
6.75 


896 


Daisy H. 
1890 




1891 


1892 
1898 


866 
485 


189 
142 


9.66 
8.90 


4.87 
6.12 


332 


1892 


814 


Rosette, 
1890 




1891 

1892 

1893 


1892 
1898 


£82 

261 


188 
206 


5.46 
2.28 


5.29 
5.48 


294 
803 


. Bessie H. 
1891 


1892 


387 


188 


V 

9.48 


6.24 


381 


1892 




1893 














Cfay, 
1890 














1891 


1892 
1898 


261 
179 


176 
280 


9.18 
6.28 


4.60 
408 


272 


1892 


241 


189a... 




Galena. 
1890 














1891 

1892 


1892 

• • ■ • 


404 


116 


16.66 


4.33 


288 


1898 












Aaggie. 

189! 

1892 


1892 
1893 


862 
890 


106 
112 


1.80 
3.80 


8.72 
4.85 


460 
839 


1898 




Clothilde. 


1891 
1898 


409 
1,124 

• • • • • • 


66 
62 


25.94 
.51 


2.69 
7.14 


119 


1892 

1898 


184 
184 


177 
218 


40.30 
86.78 


2.47 
2.9S 


18 

11 


286 
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Fat globules in cows' mi/Zi;— Continued. 





At Beoinmino of Lactation 
Period. 


At the End of Lactation Period. 


Namb. 


No. 

of 

glob. 

218 
208 
158 

112 
101 

112 
63 


Rela- 
tive 
size. 


Milk. 


Fat. 


Days 
from 
calv. 


Year. 


No. 

of 

glob. 


Rela- 
tive 
size. 


MUk. 


Fat. 


Days 
from 
calv. 


Melvina. 
189! 


170 
222 
256 

382 
452 

533 
923 


lbs. 

14.25 
13.67 
19.84 

20.90 
27.04 

25.54 


pr. ct. 

3.86 
4.68 
4.05 

4.14 
4.58 

5.38 


29 
23 
13 

19 
22 

13 
15 


1893 


• - • • • 

411 


93 


lbs. 
4.08 


pr.ct 
3.75 




1892 

1598 


2G8 


Cowslip . 
1892 


1893 


315 


136 


10.60 


4.25 


379 


1894 




'1893 














1898 


27.08 fi.86 


















1 


1 • • 
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Globules at different stages of the lactation period. — The 
following table gives average data for the milk from the 
same cows at the beginning and at the end of the lactation 
period: 



Fat globules in cows' milk. 



Name. 



Sylvia 

Topsy 

Bessie 

Bunn 

Mattie 

Beauty 

Sylvia 8d.... 

Governor's Heifer. 

Daisy 2d 

Rosette 

Bessie 2d 

Gay 

Galena 

Aaggie 

Clothllde 

Melvina 

Cowslip 

Bessine 

Bryant 

Average 



At Bboinnino of Lactation 
Period. 



No. of 
lact. 
per- 
iods 
in- 

clu'd. 


No. 

of 

glob- 

ules. 


4-2 


187 


8-2 


12& 


8-2 


164 


6-4 


124 


2-2 


172 


6-1 


198 


1-8 


108 


1-1 


106 


8-2 


146 


4-2 


181 


3-1 


160 


4-2 


112 


4-1 


179 


8-2 


116 


2-2 


159 


8-1 


193 



2-1 
1-1 
1-1 



Rela- 
tive 
size. 



107 

93 

118 



138 



860 
866 
363 
869 
210 
220 
460 
454 
825 
423 
862 
483 
272 
260 
198 
216 
417 
542 
358 



Lbs. 
milk. 



348 



21.88 
27.40 
19.46 
80.88 
27.02 
24.78 
24.10 
26.26 
29.84 
17.14 
21.83 
20.42 
28.45 
87.88 
38.54 
15.75 
23.97 
33.40 
29.80 



26.2;i 



Per 

cent. 

fat. 



4.76 
4.41 
4.86 
8.92 
8.56 
4.16 
4 62 
4.(.0 
4.64 
4.96 
6.16 
4.89 
4.73 
2.92 
2.69 
4.16 
4.89 
6.04 
4.15 



4.26 



Days 
from 
calv- 
ing. 



17 
29 
26 
27 
20 
16 
21 
12 
18 
16 
16 
16 
IS 
13 
12 
22 
21 
15 
18 
18 



At End of Lactation 
Pebiod. 



No. 
of 
glob- 
ules. 



298 
291 
404 
866 
404 
676 
808 
231 
896 
271 
337 
220 
404 
376 
767 
411 
315 
259 
343 



86; 



Rela 
tive 
size. 


Lbs. 
milk. 


Per 

cent. 

fat. 


IK) 


11 65 


6.28 


188 


16.21 


8.93 


161 


6.90 


6.78 


99 


7.89 


8.38 


101 


16.16 


3.45 


89 


10.02 


6.09 


197 


9.16 


6.75 


244 


2.66 


6.76 


141 


6.78 


6.23 


198 


3.87 


6.83 


188 


9.48 


6.24 


203 


7.73 


4.38 


115 


16.66 


4.83 


109 


2.65 


4.18 


64 


12.88 


2.77 


93 


4.08 


3.75 


136 


10.60 


4.26 


230 


6.82 


6.22 


148 


15.24 


4.98 


149 


9.14 


4.64 



DajTS 
from 
calv- 
ing. 



268 
284 
263 
281 
204 
294 
802 
896 
328 
299 
331 
257 
288 
395 
208 
268 
379 
355 
254 
297 



The preceding table represents the average of 88 series 
of determinations of the milk from 19 dijfferent cows; we 
noti(5e that the average number of globules per .0001 cmm. 
for all cows is, at the beginning of the lactation period, 138, 
and at its end 367; the average relative size of the globules 
is 348, and 149 for the beginning and the end of the lacta- 
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tion period, respectively; the latter figures correspond to a 
diameter of the average sized globules of .00419 and .00316 
millimeters, respectively. 

Breeds. — Nine high-grade or registered Jerseys, two reg- 
istered Holstein-Friesians and two registered Short Horns 
were included in the foregoing examinations. If the aver- 
age data for each of these breeds are calculated the results 
will be as shown below. 

Average data for breeds. 



Breeds. 



No. 


No. of 


No. of 


Rela- 


Milk 
yield. 


Per 


of 


peri- 


glob- 


tive 


cent. 


cows. 


ods. 


ules. 


size. 


fat. 



Days 

in 
milk. 



Beginning of lactation period. 



Jersey 

Short Horn 

Holstein Friesian. 



9 


22 


127 


406 


25.69 


4.74 


2 


5 


150 


317 


19.86 


4.30 


2 


5 


137 


229 


38.21 


2.80 



End of lactation period. 



Jersey 

Short Horn... 
Holstein-Friesian . 



9 


14 


308 


2 


2 


363 


2 


4 


572 



185 

115 

87 



8.59 
7.84 
7.72 



5.21 
3.98 
3.00 



16 
22 
13 

312 
324 

299 



Age of cows. — The milk of six cows was examined at the 
beginning of four consecutive lactation periods, that of 
twelve cows at the beginning of three periods and that of 
sixteen at the beginning of two consecutive periods. At 
the end of the lactation periods we have a series of three 
years for two rows and one of two years for eleven cows. 
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The following table gives the data for the series men- 
tioned : 



Fat globules in milk. 



At Beoinnino of Tmctation Period. 


Year. 


No. 

of 

glob. 


Rela 
tive 
size. 


Milk, 
lbs. 


Fat, 

per 

cent 


Day 

in 

milk. 



First... 
Second 
Third. . 
Fourth 



First... 
Second 



Four year series. 






165 


304 


22.12 


4.67 


31 


163 


295 


21.56 


4.35 


13 


138 


365 


24.03 


4 35 


14 


131 


405 


26.75 


4.60 


12 



First 

Second ... 
Third 



Three 


year series. 




164 


293 


22.85 


4.38 


155 


802 


24.17 


4.29 


137 


357 


24.88 


4.29 



Two year series. 



160 
145 



301 
339 



24.11 4.19 

I 

25 63 4.22 



3J 
15 
14 

27 

16 



At End of Lactation Period. 






No. 


Rela 


Milk, 
lbs. 


Fat. 


Days 


Year. 


of 


tive 


per 


in 




glob. 


size. 


cent. 


milk. 




Three year series. 




First 


311 


179 


6.77 


496 


300 


Second . . 


369 


119 


12.14 


4.52 


251 


Third 


334 


147 


6.92 


4 57 


3t6 




Two year series. 


, 


First 


850 


147 


9 34 


4.88| 284 


Second 


397 


141 


9.13 


4.85 


' 269 



The study of the preceding table will fail to disclose any- 
striking dijfference as to the influence of advancing age on 
the fat globules in milk; the tendency seems to be to- 
wards fewer globules and a somewhat larger size with in- 
creasing age at the beginning of the period of lactation, 
and at its end the opposite seems to hold true; the differ- 
ences found are, however, not very marked. 



The results of the examination of the milk from the cows 
in the Columbian Breed Tests given in the preceding have 
been carefully studied with reference to the point under 
discussion. If the cows in the different breeds included in 
the third and fourth breed tests be separated into thr^e 
groups according to age, three series of comparisons are at 
hand, as will be seen in the following table: 
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Influence of age of cows on fat globules. 



Breed. 



Jersey . . . . 

Guernsey . 
Short Horn 



Age, years. 


No. of 
cow«. 


2-8 


7 


4-7 


7 


above 8 


8 


3-8 


7 


above 8 


7 


2-6 


7 


6-8 


7 


above 8 


1 



Days from 
calving. 



66 
141 
187 
121 
119 
112 
149 
112 



No. of 
globules. 



144 
189 
147 
169 
174 
105 
134 
159 



g Relative 
size. 



837 
415 
884 
291 
276 
664 
529 
400 



The differences in the average distance from calving of 
the 6ows in the different groups render somewhat uncer- 
tain the interpretation of the results given in the foregoing 
table; the general tendency, however, seems to be toward 
a slightly increased number of globules per unit of milk 
with increasing age, and a similar decrease in the average 
size of the globules. 
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THE NUMBER OF INCHES OF WATER REQUIRED FOR 
A TON OF DRY MATTER IN WISCONSIN. 



F. H. KING. 
WATER USED BY THE POTATO. 

The past season's experiments were made aiming to meas- 
ure the amount of water required to produce a crop of po- 
tatoes at the Station farm. The method adopted was 
nearly the same as that which has been used for other 
trials of a similar character already described in the Sta- 
tic nreports; the important difference being in the mode of 
applying the water and in not allowing any rain to fall 
upon the plants during the season. 

The galvanized iron cylinders used, eight in number, 
were 18 inches in diameter and 42 inches deep, and two of 
these were placed in pits in the potato field with their tops 
flusn with the top of the soil while the other six stood 
wholly above ground with their south side screened from 
the sun by a panel of boards. To keep off the rain, shel- 
ters of heavy ducking were made which could be rolled 
up during the day and put down at night and dur- 
ing periods of rain and this provision was made partly to 
avoid errors which might arise from irregularities in the 
amounts of catch of rain, but chiefly because it was pro- 
posed to see if potatoes would develop normally without the 
application of water to the surface. 

The method of watering adopted was to set up within 
each cylinder a column of 3 inch drain tile close against 
one side and to add water by pouring it into this tube from 
time to time as needed, taking care always to add no 
larger quantity at a time than would raise the water in the 
tile 6 inches above the bottom. All the water these pota- 
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toes received was therefore procured through capillarity 
aLrd root action from a depth equal to, or exceeding three 
feet. The two cylinders in the potato field were filled with 
soil taken from the same locality and contained the normal 
moisture of the time and place. The other six cylinders 
had been'fiUed the year before and used in an experiment 
to study the effect of potassium Nitrate on the rise of water 
in soil by capillarity and its evaporation from the surface, 
and in these the upper 10 inches were simply removed and 
replaced so as to develop such looseness of texture as re- 
sults from plowing. Cylinders 1, 2 and 3 had received 
each 5.333 gms. of Potassium nitrate the spring before and 
the same amount was added at the time of planting, while 
the soil of the other three cylinders had received no dress- 
ing in 1893 and were given none at the time of planting. 

The^variety of potato grown in all of these trials was the 
Alexanders Prolific, and large tubers were selected as 
nearly uniform in size as could be found and one planted 
in each cylinder, each potato being cut in two and one half 
planted each side of the center about 12 inches apart, the 
planting taking place May 15. The following table gives 
the weights of the cylinders and the amounts and dates of 
watering: 

Table showing the time of watering potatoes and amounts added. 





In Fikt.d. 




CTT.INDEBS ABOVE GROUND. 




Date. 


No. 1. 


No. 2. 


No. 1. 


No. 2. 


No. 8. 


No. 4. 


No. 5. 


No. 6. 


Mwy 15 , 


604.0 


506.7 


581.0 
19 8 


576.5 
18.4 


579.6 
18.2 


579 7 
17.8 


582.0 
17.9 


579 5 


Water added 


18 3 










June 4 


500.0 
10.0 


502.8 
10.0 


577.9 


574.0 


578.1 


578.0 


578.1 


576 9 


Wateradded 














557.4 
10 




June 18 


497.7 
10.0 


500.0 
10.0 


560.7 
10.0 

556.2 
10.0 


559.8 
10.0 


563.0 
10.0 

568.1 
10.0 

559.6 


569.4 
10.0 


562 1 


Water added 


10.0 






June 21 

Water added 


406.5 
18.0 


497.9 
13.0 


653.5 
10.0 


563.0 
10.0 


652.2 
10.0 


566.8 
10.0 






June 25 


502.0 
10.0 


601.4 
10.0 


5S8.0 


654.4 


554.2 


554.1 

• • • • ■ • 


558.7 


Water added 








June 80 


487.1 
10.0 


484.4 
10.0 


547.0 


54^.8 


548.7 


542.3 

• • • • • 4 • 


543.5 


546.6 


Water added 





16 
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Table showing the time of watering potatoes and amounts added.—Con, 





Ik Field. 


Ctlivders above Qrodnd. 


Date. 


No.l. 


No. 2. 


No.l. 


No. 2. 


No. 8. 


No. 4. 


No. 6. 


No. 6. 


July 2 










• 








Water added 


10.0 


10.0 


10.0 


10 


10 


10.0 


lO.O 


10 






Julys 

Water added 


484.9 
15.0 


482.6 
15.0 


54'i.6 
10.0 


541.6 
10.0 


548.0 
10.0 


540.7 
10 


642.6 
10.0 


646.5 
10.0 


July9 

Water added 


478.5 
20.0 

476.7 
20.0 


476.7 
20.0 


545 9 
10.0 


540.8 
10.0 


548.6 
10.0 


539.6 
10 


642 8 
10 

641.2 
12.0 


£44.4 
10.0 


July 12 


477.2 
20.0 

477.9 
15 


545.5 
12.0 


538.7 
12.0 


648.1 
12.0 


538.2 
12.0 


642 8 


Water added 


12 






Julyl6 

Water added 


475 4 
15.0 


546.7 
10.0 


638.7 
10.0 


549.4 
10.0 


638.1 
10.0 


642.4 

10.0 


543.1 
10 


Julv20 


475.1 
15.0 

479.1 
10.0 


477.6 
15.0 


546.4 
15.0 


536.4 
15 


548 8 
15.0 


536.3 
15 

539 2 
10.6 


641.3 
15.0 


541.2 


Water added 


15 






July 24 

Water added 


480.2 
10.0 


55v'.5 
8.9 


539.6 
7.1 


554.3 
5.2 


548.1 
12.6 


545.9 
6.0 


July28 

Water added 


476.0 
15.0 


478.7 
15.0 


551.0 
15 


532 
15.0 


547.9 
15 


535.2 
15.0 


54S 2 

15.0 


537.3 
15.0 


Aug.2 

Water added 


478 1 
10.0 


483.2 
10 


554.8 
10.0 


531.2 
10.0 


549.2 
10.0 


536.0 
10.0 


550.8 
10.0 


5S8.0 
10 


Auk. 10 


476 2 
15.0 


4833 
VOO 


551.6 
9 8 


524.0 
22.7 


541.5 
18.0 


530.9 
18.3 


545.6 
'15.1 


530.2 


Water added 


21.7 






Auk* 16 


486.7 


498.2 


554.5 
10.0 


533.1 
10.0 


547 4 
10.0 


538 5 
10 


652.8 
10.0 


637.5 


Water added 


10.0 










Ausr. 26 

Water added 


481.7 
^ 


492.0 


553 3 

8.1 


525.3 

21.4 


538.6 
20.9 


532.3 
16.9 


550.4 
10.3 


529.8 
22 1 








8ept. 21 


1 


554.0 


527.8 


531.6 


528.8 


545.5 
"177". 9" 
36.5 

.4 


521.4 








Water added 

Soil water 

Dry matter 


198 0~ 
22.8 
.5 

"~:»o"r 


203.0 

14.7 

.5 

"218^2" 


168.6 

27 

.3 

195.9 


191.6 
48.7 
.5 
~240!8' 


184.3 

4«.0 

.5 


185.6 

50.9 

.5 

"^To" 


190.1 

58.1 

.5 


Total water 


"214^8' 


248.7 



The potatoes in the two field-cylinders matured first and 
were dug August 25, while the others remained until Sep- 
tember 21; but all of them, including those of the field in 
which the experiment was conducted, were very evidently 
injured by a blight. Only in cylinder No. 2 of the field 
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trial were the tops entirely dead when the potatoes were 

duK. 
The following table gives the weight of tubers produced 

in each case and the computed yield per acre: 

Cylindera in the ground. 





Weight of Tubers. 


TiBTiD PEB Acre. 




Merchan- 
table. 


Small. 


Total. . 


Merchan- 
table. 


Small. 


Total. 


No.l 

No.2 


1.308 
.817 


.886 
.775 


1.694 
1.593 


687.8 
335.6 


158.5 
818.8 


695.8 
653.9 









Cylinders above ground. 



No. 1. 
No. 2. 
No. 3. 
No. 4. 
No. 5. 
No. 6 



.452 
.379 
.322 
1.024 
.709 
.681 



.639 


.991 


1S5.6 


221.5 


.792 


1.171 


156 7 


825.5 


.875 


1.197 


182.4 


859.2 


.814 


1.888 


420.6 


128.9 


.282 


1.091 


291.2 


156.9 


.485 


1.116 


279 9 


178.8 



407.1 
481.2 
491.6 
549.5 
448.1 
468.7 



The yield of dry matter was determined in each of these 
cases and for the cylinders above ground for the tops and 
tubers, separately, The total dry matter and the relative 
amounts of water used are embodied in the table below: 

Table showing the amounts of water used by the potato. 



No. 1. 

No. 2 
No. 1 
No. 2 
No. 8 
No. 4 
No. 5 
No. 6 



Dry matter 



lbs. 



.513 

.6258 

.3338 

.5007 

.4505 

.5020 

.3596 

.5425 



Water per 

pound of 

dry matter 



lbs. 
430.4 

416.0 

686.9 

480.9 

616.8 

472.1 

497.3 

458.4 



Dry matter 
per acre. 



Acre- in. 

per ton 

dry matter 



Total wa- 
ter used. 



lbs. 

12,650 


inches. 
3.80 


12,960 


3.66 


8,248 


5.17 


12, 310 


4.25 


11,110 


4.56 


12,370 


4.17 


8,865 


5.27 


13,370 


4.05 



inches. 
24.02 

28.74 

21.31 

26.20 

25.83 

25.78 

28.37 

27.06 
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-jjff.-<ci};b from this table whatever may be said 
>wM8 0f dry matter, that the potatoes did 
:v amount o£ water, in fact a quantity three 
mt of the rain which fell during their period 
since the surface of the ground was kept dry 
lole season very much the larger proportion 
ust have passed through the vines and only 
uld have been lost through the soil directly, 
f water used in proportion to the dry matter 
be held, for the present at least, as likely to 
;au8e the blighting of the leaves may fairly 
have diminished the production of dry mat- 
I much safer to use the figures derived from 
srs standing in the ground in the potato field 
he amount of water a field crop may be ex- 
nd yet these must be held as probably too 

Iry matter in the top to that in the tubers was, 
nders above ground, as Sll to 237, so that the 
I crop of 300 bushels means the growing of 
pounds of dry matter and this would req uire 
ite of the first two cases in the table above 
rater properly distributed and well utilized, 
mch crops as the famous one of the late J. M. 
B took 1,734 bushels from four acres of ground 
water needed, if used at the above rate, 
1 18.3 inches, and this is not beyond the pos- 
ural supply in very favorable seasons and 
iving. 

n that the average computed yield per acre 
ble on page 343 is, for the plants in the cylin- 
nd, 436 bushels of merchantable potatoes and 
the total yield, but the two hills grew on only 
ad this seed been planted 30 in. one way by 
, the yield per acre with no better growth, 
m 23S bushels, and this means that these hills 
od as the average in the field of Mr. Smith, 
il this year where a portion of the field was 
mother portion not, as described on page 258 
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the same variety of potatoes were planted 30 in. one way 
and 15 in. the other, producing the >ields given below: 



SuRFAGB Irrigated. 


Not Trrtgatbo. 


SUB-IRRIOATED. 


I^arge. 


Small. 


Total. 


Large 


Small. 


Total. 


tATfce. 


Small. 


Total. 


117.7 


17.2 


134.9 


80 1 


S8 


88.9 


107.0 


12.3 


119.8 



The amount of water used in these cases, counting sim- 
ply that added and the rainfall, was, for the surface irri- 
gated land, 16.76 in., for the not irrigated, 8.15 in., and for 
the sub- irrigated, 21.87 in. 

In another trial, under the conditions described on page 
^57, the sub-irrigated yield was 69.8 bushels, while that not 
irrigated was only 33.5 bushels per acre. 

It is plainly evident from these field trials that the water 
added had a very beneficial effect upon the crop, the sur- 
face irrigated yield being 51.7 percent, greater than that 
on the not irrigated check plots, and the sub irrigated yield 
34.2 per cent, greater; while on the gravelly knoll the wa- 
tered area gave 108.4 per cent, more than did its control 
plot, and the experiments serve to indicate that when the 
large water resources which are now running to waste 
through our extensive potato lands become to be utilized 
by methods of irrigation, as they evidently will be some 
time, much larger and more certain returns from these lands 
will be realized than are now possible. They also indicate 
that such careful and thorough cultivation of lands not ir- 
rigated as will conserve so much of the natural water sup- 
ply as is possible must tend to diminish the ravages of 
blight and of insect enemies. 

It appears not a little strange that the three cylinders to 
which the potassium nitrate had been applied gave no evi- 
dence of having profited by its use. Indeed, the yields 
were actually less than the figures given below indicate: 
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Table showing the amount of dry matter produced by the potatoes in the 

six cylinders above ground. 



Potassium Nitrate. 


No Nitrate. 






Tubers. 


Top. 




Tubers. 


Top. 






gms. 


gms. 




gms. 


gms. 


No. 1 




75.5 


77.7 


No.4 


112.2 


115.5 


No. 2 




99.1 


128.0 


No 6 


87.2 


76.1 


No. 3 




97.2 
271.8 


107.0 
812.7 


No.6 


104.4 


141.7 










Sums . 


303.8 


383.8 









It may perhaps be urged that since the soil in these cyl- 
inders was fallow the season before they may be assumed 
to have developed an over abundance of nitrates so that no 
advantage should be expected from the nitrogen added but 
so far as the potash is concerned the remark could hardly 
apply with the same force, especially in view of the large 
demand made upon the soil. It will also be seen that the 
the amount of water required for a pound of dry matter 
was greater in the soil treated with the potassium nitrate 
than in the other case although the total evaporation was 
31 pounds less from the three nitrate cylinders than it was 
from the other three. It cannot therefore, be said that the 
soil richest in nitrogen and potash increased the productive- 
ness of the water used. 



WATER USED BY OATS. 

. In four cylinders similar to those used in the potato ex- 
periment, oats were grown, the cylinders standing in pits 
with their tops flush with the surface of the ground and in 
a field of oats. They stood in two pairs and to the surface 
of No. 1 in each set land plaster was applied at the rate o f 
200 lbs. to the acre, the object being to see if the lime sul- 
phate, to any measurable extent, affected the amount of 
water used. 

In these cases, too, as with the potatoes, all rain was ex- 
cluded and water was applied only at the bottom through 
columns of 3 inch tile as already described. 
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In the following table are given the amounts of dry mat- 
ter produced and of water used together with the results 
obtained in previous years: 

Table showing the amount of water used by oats. 



1891. 

No.i 

No. 2 

1892. 
No.1 

1894. 

No.l 

No. 2 

No.l 

No. 2. 



Water 
used. 


Dry 
matter. 


Water per 

lb. of dry 

matter. 


Dry 

matter per 

acre. 


Acre-In. of 

^ater per 

ton of dry 

matter. 


Pounds. 


Pounds. 


Pounds. 


Pjunds. 


Inches. 


224.25 


.4405 


509.3 






2207 


.4471 


493.6 


6,861 


4.444 


174.6 


.3822 


685.6 


8,189 


4,640 


282.8 


.6232 


540.6 


12,900 


4,770 


280.2 


.5163 


542.7 


12,730 


4,789 


283.3 


.4198 


674.9 


10,350 


5,956 


286.6 


.4663 


614.7 


11,500 


5,4-24 



JTotal 
water used. 



Inches. 
19.69 



19.00 

30.77 
30.48 
30.82 
31.18 



It will be seen from this table that while the total yield 
of dry matter' was much larger in 1894 than in the other 
two years, the amount of water used was also relatively 
higher, the three trials of 1891 and 1892 averaging 509.5 lbs. 
of water for one pound of dry matter, while the average 
for the four cases in 1894 is 593.2 pounds of water to one 
of dry matter; the general average of the seven trials be- 
ing 557.3 pounds to one. 

The cylinders in which the oats were grown were 
weighed several times after the crop had been removed to 
learn how rapidly the water might pass away from the 
naked soil. To avoid any action of the roots through the 
stubble, these were pulled. It was found that during an 
interval of 23 days from Aug. 2 to 25, the total evaporation 
from each cylinder was 1.3, .9, 1. and 1. lbs respectively, 
from which it is evident that nearly all of the water left 
these cylinders through the plants growing in them. If it 
be assumed that water was lost through the soil during the 
growing period at a mean rate equal to that which wa« 
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observed after the crop was removed, the amount lost in 
this manner would be 4.33 lbs. for each cylinder, which 
would decrease the amounts of water per pound of dry 
matter jfiven in the table by about 10 pounds in each case 
for 1894. 

These observations regarding the consumption of water 
by the oat plant serve to emphasize the point which has 
been urged before regarding the extreme drying of the soil 
by this crop, thus making a catch of clover more diflScult 
with it during dry seasons. 

If we put in condensed form all the observations 
made at this Station regarding the amount of water re- 
quired for a pound of dry matter, we shall have the results 
given in the table below: 



Table showing the amount of toater required for a poand dry matter in 

Wisconsin, 



Dent corn . 
Flint corn. 
Red clover. 

Barley 

Oats 

Field peas . 
Potatoes . . 



No. 

of 

trials 


Water per 

pound or^ dry 

matter. 


Dry matter 

per 

acre. 


4 


309.84 


19,515 


4 


233 9 


25,099 


3 


452.8 


9,613 


3 


392 89 


10,819 


5 


557.34 


10,755 


1 


477 37 


8,017 


2 


422.7 


12,805 



Acre — inches 
of water 

per ton of dry 
matter. 



2.64 in. 
2.14 in. 
4.03 in. 
3.43 in. 
6.02 in. 
4.21 in. 
3.73 in. 



It must be understood in considering these results that 
they apply to trials made under conditions where none of 
the water used could be lost by percolation and that in ir- 
rigating very open soils, more water would be required 
unless applied in small quantities at a time. 
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FIELD EXPERIMENTS ON THE PERCOLATION OF 
WATER AS RELATED TO IRRIGATION. 



F. H. KING. 



In the development of methods of irrigation for humid 
and semi humid climates it is needful that more should be 
known regarding the rate of movement of water down- 
ward, laterally and upward both by percolation and by cap- 
illarity, and to this end experiments have been conducted 
during the past two years aiming to throw additional light 
upon this subject. 

OBSERVATIONS ON THE RATE OF PERCOLATION OF WATER 

FROM A SYSTEM OF TILE DRAINS. 

We have at the Station farm a system of tile drains cov- 
ering an area of about five acres, in which the total meas- 
ured length of tile is 7,023 feet, distributed in the manner 
indicated in Fig. 25. 

These tile are laid at a mean depth of about four feet in a 
soil which consipts of 6 to 8 inches of a medium clay loam at 
the surface, followed by 2.5 to 3 feet of clay, and below this 
a rather coarse sand in the upper portion of which the tile 
are laid. In the solid square shown in the figure the lines 
of tile are 33 feet apart, but the laterals leading into the 
main extending from A to the lake have a greater distance. 
Advantage has been taken of this system of tile drains to 
study the rate of percolation and of capillary movement of 
water under field conditions in the soils of this area. 

The first experiment was begun on August 2d, 1893, at 
which time a small rotary pump, having a capacity of 
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about 100 gals, per minute, was connected with the outlet of 
the drainage system at the lake, which is terminated by a 
16 foot length of 6 inch steam pipe. 



Lake r^^ 




BiiiiiMJiJim 






4> 



a« 






V • 



.y 



.\\ ^ 



% 



/a 



■f. \ 






Fig. 25.— Showing the distribution of tile drains used in the study of 
field percolation. 

After pumping 33 hours during portions of four consecu- 
tive days it became evident that the rate at which water 
could leave the lines of tile and percolate laterally and ver- 
tically through the soil was much slower than had been 
anticipated, and also that it was possible with this small 
pump to bold the water at a level in the silt well A within 
one foot of the surface of the ground, and this too when the 
water was setting back into and percolating from nearly the 



Agricultural Experiment Station. 251 

whole system of 7,022 feet of drain tile. On account of the 
rise in the ground the most distant portions of the drains 
leading into the silt well A are only a little below the top 
of the ground at the well so that at the time of this pump- 
ing but little water reached the more distant portions of 
these tile, and hence the percolation was chiefly confiaed to 
the lower two-thirds of the drains in the solid square. 

To ascertain the extent to which the water moved later- 
ally from the drains two methods of observation were 
adopted as follows : 

Systems of 4-inch auger holes were put down at varying 
distances from the lines of tile and in different portions of 
the area under experiment in which the bight of the ground 
water could be determined by direct measurement. The 
second method consisted in taking samples of soil in one- 
foot sections to a depth of four feet along lines parallel with 
but at different distances from the- drains and then deter- 
mining the amount of water these samples contained when 
taken before and after the close of the experiment. 

Through the systems of auger holes and twelve perma- 
nent wells, situated both within the area under experi- 
ment and outside of it, it was learned that water forced 
into the tile drains actod by direct hydrostatic pressure 
upon the ground water, causing this to rise through the 
soil and tend ultimately to stand on a level with that at 
which the surface was held in the silt well at A. The water 
rose most rapidly and highest near the lines of tile and in 
those portions of the field wher« the tile were lowest. After 
the pumping stopped the water would fall in the silt well, 
but continue to rise in the ground where the water was 
lower until the surface of the ground- water had attained 
a nearly horizontal attitude on a higher plane than that 
held by the lowest portion at the time pumping began. 

Through the sampling of the soil it was learned that dur- 
ing the eight days following this first experiment, the out- 
let of the drain having been kept closed, the water content 
of the soil changed as indicated in the table below: 
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Above two lines of tUe — 

The surface foot lost 3.1 per cent 

Theseoond foot gained..... l.^percent 

The third foot gained 8.4peroeiit 

The fourth foot gained 2.4 per cent 

Eight feet from the two lines of tile — 

The surface foot lost 6 per cent 

The second foot gained 1.3 per cent 

The third foot gained 4 1 per cent 

The fourth foot gained S.lpercenfe 

Sixteen feet from two lines of tile — 

The surf ace foot lost , 1.6 per cent 

The second foot lost ' ... .5 percent 

The third foot gained 8.6 per cent 

The fourth foot gained 3 per cent 

The samples from which these results were determined 
were each composites of five taken at equal intervals along 
lines above and between the two lateral drains lying just to 
the southeast of silt well A. 

As there had been no rain during this interval and as a 
crop of clover was growing upon the ground at the time it 
is evident that considerable water had been given to the 
fourth, third and second feet of soil, not only above but 
midway between these lines of tile and, it is also more than 
probable that a not inconsiderable amount must have 
reached the surface foot as well. 

A second experiment performed in 1893 consisted in shut- 
ting off the silt well A and the lines of tile leading into it 
and thus confining the water pumped from the lake to the 
755 feet of tile between this point and the outlet. 

After pumping continuously during eight hours on Oct- 
ober 11 and then three hours ten minutes the next morning 
it was found that the whole area covered by the heavy shad- 
ing in Fig. 25 had become thoroughly wet to the surface, 
in many places the water even standing upon the ground, 
and that the lighter area was saturated to within 12 to 14 
inches of the surface. While the pumping was going on 
the water was held in a standpipe at the silt well at a hight 
of about one foot above the level of the surface of the 
ground into which the water was percolating, and the ex- 
periment served to demonstrate that under certain condi- 
tions it would be possible to completely saturate a tile 
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drained field by pumping water through the main, allow- 
ing it to set back into the laterals and rise by hydrostatic 
pressure and capillarity to the surface. 

The amount of water pumped into the tile drains during 
these two experiments could not be measured with any 
trustworthy accuracy, but the present season the experi- 
ments have been repeated with a larger pump lifting water 
into a reservoir at B, Fig. 25, 40 feet in diameter and nearly 
two feet deep, from which water could be conveyed to the 
silt well A through a 5 inch sewer pipe laid just below the 
surface, and thus a more definite idea of the quantity of 
water used, be gained. 

The first trial with these arrangements was made on July 
11, and at this time the water was admitted only to the tile 
in the solid square, those between the silt well A and the 
lake having been shut off by means of a plug screwed into 
an elbow placed upon a 20-foot length of steam pipe form- 
ing the first portion of the main leading away from the well 
toward the lake. 

To measure the water admitted to the system the reser- 
voir was first nearly filled and the time required to lower 
the level of the water in the reservoir two inches was noted, 
from which the rate of discparge became known. The out- 
let of the reservoir was again closed and the pump started. 
When the water in the reservoir had been raised one inch, 
or to the mean height through which it had fallen, the plug 
was withdrawn and the rate of pumping controlled so as to 
hold the level of the water in the reservoir constant; and 
under these conditions the rate of discharge has been as- 
sumed uniform, and the amount of water delivered to the 
field obtained by multiplying the rate of discharge by the 
time. 

The amount of water admitted to the system of tile drains 
on this day was computed to be 11,743 cu. ft., the pump 
stopping at 5:55 p. m., and the reservoir being allowed to 
empty itself after that. While this water was running the 
level of water in the silt well A was held at the top and 
about one foot above the surface of the ground at that 
place. 
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Samples of soil were taken before pumping began and 
again July 13 midway between the two lower lines of tile in a 
field of corn to the southwest of the silt well, and the results 
showed that the surface two feet at this time contained 
1.35 lbs. and the second two feet 8.18 lbs. more water 
than when pumping began, or a gain of 9.53 lbs. per sq. ft., 
which is equivalent to 1.83 inches. This amount of water 
was not, of course, given to the whole area covered by the 
drainage system because on account of the slop 3 of the 
land mobt of the water was confined to the lower half. 
Water enough was pumped to cover the whole field to a 
depth of about .9 inches had it been uniformly distributed. 

On July 25 water was again admitted to this system dur- 
ing 10.5 hours at an estimated mean rate of 1,810.69 cu. ft. 
per hour, thus making the total amount 19,012 25 cu. ft., or 
1.42 inches for the whole area of tile system. On July 2»3 
the mouth of the main drain at the lake was closed and 
water admitted only to that portion of the tile between the 
silt well and the outlet, beginning at 8:35 a. m. It was 
vefy soon found that these tile could not take the water as 
rapidly as it was being delivered, and the line leadiug to 
the three north and south laterals on the west side was 
opened,* but the well soon overflowed and the plug was 
then withdrawn from the south main leading into the silt 
well. With this open tlie water fell at first, but at II a. m. 
it again stood within 2.5 iu. of the top and the surface of 
the ground began to show wet along the main leading to 
the lake. The pump was stopped for dinner, started again 
at 1 p. m. and at 2 the well was full. At this time the 
water was admitted to the east inlet, and from now until 
6 p. m. water was carried to the whole system of 7,022 feet 
of tile, the mean flow being at the rate of 49. G7 cu. ft. per 
minute, which makes a rate of percolation amounting to 
5 gals, from each 100 feet of tile per minute. 

The total water admitted to the area during the day was 
26,018 cubic feet, and during the two days 45,030 cubic feet. 
At night the surface of the ground was wet along all the 
tile below the silt well for a width of about 8 feet, and on 
the evening of July 27th, 56.5 hours after pumping began. 
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the level of the ground water had changed the amounts in-; 
dicated below as shown by measurements of the wells be- 
fore pumping began and at the time stated above: 



Weils. 


28 


27 


26 


47 


46 


45 


44 


43 


42 


41 


40 
1.74 


A. 


Change, inches 


8.02 


14,8 


13.43 


15.73 


11.2 


10. a5 


8.49 


4.03 8 09 


2 35 


18.97 



The positions of these wells is indicated by number in 
Fig. 25. It is not possible to give exact limits to the area 
over which the ground-water was raised, but it could not 
have been less than 7 acres and over the area limited by the 
tile drains, which is five acres, the mean elevation of the 
water-table must have been as much as 8 inches. The 
amount of water pumped into the drains, if applied to the 
surface of 5 acres, would cover it to a depth of 2.07 inches. 

It was shown in the Sixth Annual Report of this Station, 
p. 198, that the capacity for water of the 3rd ani 4th feet 
of undisturbed soil near well 28 when lying below the water 
table was .5 inches more than when lying one foot above 
the water table, and if we suppose these two feet of soil to 
have been fully capillarily saturated the water added was 
sufficient to raise the level much more than 8 inches, the ob- 
served amount. If the third foot were only 75 per cent, 
capillarily saturated and the fourth foot fully so then the 
water added should be sufficient to raise the water-table 
more than 2 feet. If we suppose the third and fourth feet 
each 75.0 per cent, saturated the water added will still be 
sufficient to raise the water-table considerably more than 
a foot over the whole five acres. It is not strange, therefore, 
that so small an amount of water should have affected the 
water-table to the observed extent over so large an area, 
and it follows further and without such direct observations 
as have been recorded above, either that a large capillary 
rise of water into the dryer soil above must have taken 
place or else there must have been a large under fiow of 
water out of and beyond the limits of the field under experi- 
ment. We do know from direct observation that portions 
of this water did even reach the surface, and that much of 
it entered the second foot over fully two acres of ground. 
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On September 6, after the crops had been removed, an- 
other trial was begun, the object being to ascertain how 
long and how much water would be required to saturate the 
soil of the tile-drained area. There were consumed in 
actual pumping during the trial 32.5 hours and water wa& 
discharging into the silt well 36. 5 hours. The pumping began 
at 3:45 p. m. September 6, and closed 5:45 p. m., September 
1 1, Sunday intervening. During this time there was pumped 
105,272 cubic feet of water, enough to cover 5 acres 5.8 
inches deep. The amounts of. water pumped on the respec- 
tive days are as follows: 

Sept. 6 6,178 cable feet» 

Sept. 7 84,190 cubic feet. 

Sept. 8 25,990 cubic feet 

Sept. 10 SO, 126 cubic feet. 

Sept. 11 18,793 cubic feet. 



Total 103,272 cubic feet. 

The mean rate of percolation from this drainage system 
into the soil was: 

60x36.5 

per minute or about 5 gals, for each 100 feet of tile in the 
same time, an amount almost identical with; that obtained 
from the trial of July 26. These results are a small but an 
unknow.n amount too large owing to the fact that the joints 
of the sewer pipe through which the water was conveyed 
from the reservoir to the silt well, although laid in cement 
were not quite water tight, and some water escaped f ron^ 
this conduit before reaching the silt well, but this amount 
when compared with the whole water moving was certainly 
small, much less than one per cent, and probably less than 
one-tenth of one per cent. 

Measurements of the height of the ground- water before 
the pumping began and again two days after the pumping^ 
stopped showed that there had. been a rise of the following 
amounts at the several wells: 



Wells 


40 


41 

8.8 


42 


43 


44 


45 


46 


47 
85.9 


26 
33.4 


27 


28 A. 

1 


Rise, incbes.. 


6.5 


8.1 


17.2 


26.3 


32.2 


81.7 


85.0 


18.1 


40.(V 
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When pumping began the water taWe sloped 1.9 inches 
from well 2S toward the silt well A, Fig. 25, but when meas- 
ured two days after pumping the slope was in the opposite 
direction and in amount 20.6 inches. So with well 40 while 
the slope was toward A to the extent of 12 inches before 
pumping it was, two days after pumping, 23.5 inches in the 
opposite direction. 

When the pumping stopped the ground within the area 
bounded by the line of crosses was saturated with water 
very nearly or quite to the surface and outside of this the 
water had been raised by capillarity varying amounts over 
the whole area occupied by the tile. 

RATE OF PERCOLATION FROM SUB-IRRIGATION TILE. 

On the western slope of the hill at C and on the eastern 
side at D, Fig. 25, were laid two system of tiles, 18 in. below 
the surface where the percolation could be studied under 
conditions where the surface of the ground was from 16 
to 20 ft. above the water table. At C the tile are laid nearly 
along contour lines 5 to 7 feet apart and connected in a zig- 
zag manner as shown in the figure. On the other side the 
tile are also laid in a zigzag manner but ten feet apart, 
each line being 30 feet in length. These plots were experi- 
mented with at several times during July and August when 
corn was growing upon the ground, and also in September 
after the crop had been removed. 

During the first trial on plot C where the length of tile 
is 1,020 feet the rate of percolation was 10.6 gals, per min- 
ute for each 100 feet of tile, and during another trial in Sep- 
tember after the crop was removed the system took water 
at the rate of 14.72 cu. ft. per min. or 10.79 gals, for each 100 
feet of tile. The soil at this place is a sandy reddish clay 
and gravel underlaid at 2 to 3 feet with coarse sand and 
gravel very pervious to water. 

On plot D, where there is a more impervious reddish clay 

sub-soil, the rate of percolation, even when most rapid, was 

less, the 1,350 feet of tile taking, in 11.18 hours, 9,878 

cu. ft. of water, or at the mean rate of 5.98 gals, per minute 

for each 100 feet of tile. 
17 



258 Eleventh Annual Report op the 

During these experiments the water was held in the sys- 
tems of tile C and D under a pressure which caused it to 
rise in open pipes, placed above the lines, to the level of, or 
a little above, the surface of the ground, and under these 
conditions the soil first became saturated to the surface 
immediately above the tile and then spread laterally, but 
during the summer trials, when the crops were on the 
ground, the saturation of the soil at the surface only oc- 
curred in a few places, in the case of plot C the ground 
usually became saturated to within 2.5 to 3 in. of the sur- 
face above the lines of tile and to within 9 to 11 inches of 
the surface midway between them. In the September trial 
this plot was completely saturated to the surface over more 
than three-fifths of the area, but to do this 23.7 inches of 
water were required, an amount considerably more than 
the surface four feet of this particular soil was capable of 
retaining by capr'llary power. 

It should be stated here that experiment proved the rate 
of percolation from the 3 inch tile on the hillside at C too 
rapid to allow the water to be forced through the whole 
system by the zigzag method contemplated and that after 
the first trial the seven lines of tile were connected at the 
end next to the reservoir so that water entered the several 
lines at the same time. To prevent more than the due 
amount of water entering the lower line of tiles the con- 
necting line was partly closed by slipping between two 
lengths of tile a piece of sheet iron. 

INFLUENCE OF THE WATER PUMPED ON THE YIELD OF CROPS 

GROWING ON THE AREA. 

To note the influence of sub-irrigation upon vegetation, 
com was planted upon the three areas under experiment 
and the yields carrefuUy noted. 

The hillside on which plot D is located was divided into 
five parallel strips each thirty feet wide; the sub-irrigated 
strip occupying the middle position. On either side of this 
a strip of like width was surface irrigated and still outside 
of thepe the remaining two plots received only the rains of 
the season. 
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This ground was a clover sod plowed in the spring, to 
which a dressing of well rotted manure equal to forty-four 
loads to the acre was applied. 

After fitting the ground the corn was planted in rows 
both ways 30 inches apart from east to west and 15 inches 
the other way, dropping from three to five kernels in a hill. 
The object in planting the corn so close upon the ground 
was to ascertain whether it was possible by irrigation to 
produce yields at all comparable with the very heavy ones 
which had been obtained each season for three years in the 
large pot expt?riments having for their object the determin- 
ation of the amount of water required to produce a pound 
of ^ dry matter. The field was harrowed once before and 
once after the corn came up and cultivated three times one 
way from north to south across the several plots and in the 
usual manner. The western half of the field was planted 
to a variety of fiint corn and the eastern to the Pride of the 
North dent; then each of these portions was further sub- 
divided by thinning alternate ten rows to two stalks in a 
hill, while the other ten rows retained from three to five. 
Between the two pieces of corn were planted six rows of 
potatoes in hills tbe same distance apart as the corn. 

No irrigation was done until after the corn was too large 
to cultivate, the first water being applied on July 10. To 
convey the water to the two surface irrigated strips a line 
of three inch tile was laid along the south margin of each, 
just flush with the surface of the ground and the water was 
allowed to flow out between the rows of corn, escaping 
from the joints of the tile. To control the fiow of water 
from tile, pieces of galvanized iron were slipped into the 
joints, here and there, thus more or less completely stop- 
ping the fiow beyond. 

The total amount of water put upon the three irrigated 
plots is accurately known, but there is a considerable un- 
certainty regarding the division of it between them, owing 
to difficulties in handling the water at first, but the table 
given below expresses very inearly the true distribution of 
water and the amount used: 
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TiMe showing the amounts of water used on field D, 



•|\^iU 



Not 
irrigated. 



Surface 
iiTigated. 



Sub-irri- 
gated. 



8.15 io. 



8 15 in. 



8.15 In. 
8.61 Id. 



8.15 in. 
18 72 in. 



16. 7e in. 



21.72 in. 



The yields of dry matter per acre were as follows: 



t\\\\i corn 
t)«*nt com 



Not 
Irrigated. 


Surface 
irrigated. 


7,916 lbs. 
7, 426 lbs. 


11,060 lbs 
9, 625 lbs. 



Sub-irri- 
gated. 



9, 545 lbs. 
7,907 lbs. 



These plots, which were 30 ft. by 325 ft., each received 
identical treatments in every way except in the matter of 
water put upon the ground. It will be noted that both ir- 
rigated plots gave larger yields than did the ground receiv^ 
ing no water, the combined mean difference being as 7671 
to 9539, the irrigated being 24.4 per cent, greater than that 
not irrigated. This difference in favor of the larger 
amount of water is some less than the true amount owing^ 
to the fact that about 10 per cent, of the heaviest portion 
of the irrigated corn was left to mature its ears while the 
other was cut and put in the silo, the latter only being in- 
cluded in the statement above; so too, the difference be- 
tween the surface and sub-irrigated corn appears in the 
table larger than it really is because one-half of the reserve 
corn came from the single sub-irrigated plot while the re- 
maining half was apportioned betv/een the two surface- 
watered plots. 

This reservation was made on account of the fact that in 
our anxiety not to apply too much water for fear of injury 
from possible rains too little was given and the result is an 
average yield much too small. There was a strip along the 
line of the surface distributing tile which received more 
water than the balance of the plots and here the yield was 
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Very much better than the average. There was also a 
more level portion extending across two of the plots 
which resulted in giving more water to these portions, and 
here too the corn was far superior to the rest. A strip 6 
hills wide and 325 feet feet long, extending along each side 
of one of the conducting tile, was reserved to husk, and also 
a section of ten rows across the sub -irrigated and surface 
irrigated plots. When ripe and husked the corn along the 
line of tile gave a yield of ear corn of 72 pounds to the 
bushel, as follows: 

Per acre, 

Flint corn, thick seeding .- 98.6 bu. 

Tlint oorn, thin seeding 119.7 bu. 

Dent corn, thick seeding 51.8 bu. 

Dent corn, thin seeding 64.9 bu. 

The surface irrigated plot of flint corn gave a yield of 
107.1 bushels and the sub-irrigated 104.2 bushels. 

All of this corn was thoroughly kiln-dried after husking 
and then shelled, giving the following results: 

Per acre. 

Flint corn, surface irrigated 78.8 bu. 

•Flint corn, sub irrigated 71.9 bu. 

In the other case, along the line of the tile, the results 
stood: 

Flint corn, thick seeding < -67.71 bu. 

Flint corn, thin seeding 83.53 bu. 

Dent com, thick seeding 86.51 bu. 

Dent corn, thin seeding 49.83 bu. 

For some reason the dent corn not irrigated produced no 
-ears and the flint corn only a few small and imperfect ones. 
Even on the areas best watered not all stalks bore ears, 
while many of those produced were incompletely filled, the 
kernels at the butts being often wholly or largely absent. 
The figures above also show that the largest amount of 
shelled corn was produced on the plots having only two 
stalks in the hill. The converse of this, however, is true 
when we compare the total dry matter produced, as is 
shown below: 
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FUKT OOHM. 


• 


Not irrigated 
per acre. 


Snrfttce irri- 
gated per 
acre. 


Sub-irriffated 
per acre. 


Thick seed infir '. 


8,889 lbs. 
7,804 lbs. 


11,980 lbs. 
9.607 lbs. 


9,877 Ibe. 


Thin seedinsr 


8,899 lbs. 




Difference 


1,085 


2,283 


978 



In the case of plot C, only dent corn was planted and 
only sub- irrigation compared with the crop produced under 
the conditions of the natural rainfall. The corn was 
planted in north and south rows 30 in. wide with hills 
of three to five stalks 15 in. apart in the row. Here also 
the corn not irrigated produced no ears, and that watered 
only relatively few small and imperfect ones. Ttoe yield 
of dry matter per acre was : 

Sub-irrigated '. 8,614 lbs. 

Not irrigated 4,6791bs. 

The total water used in this trial, including the season's 
rainfall, was 31.72 inches, but from this there should be de- 
ducted 4.5 inches which was applied in excess and allowed 
to percolate at once beyond the reach of the roots, thus 
leaving the water to be charged to this crop as 27.22 
inches. 

On the tile drained plot, where the corn was planted, the 
yield per acre was as stated below: 

Flint Com— 

Per acre. 

Drymatter 7,799 lbs. 

Shelled com 57 81 bu. 

Dent Corn — 

Drymatter 9,187 lbs. 

Shelled corn 63.05 bu. 

In these cases the rows were planted three feet apart 
with hills of three to five stalks eighteen inches from center 
to center, and the dent corn occupied the north end of the 
plot where the water came nearest to the surface, and it is 
because of the larger water supply resulting from this posi- 
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tion that the dent com produced a larger yield than the 
flint, which under like conditions, with us, has given the 
largest returns. 

A field of dent corn adjoining this, but upon land which 
had been in pasture for several years and was in good heart 
gave a yield of 6,115 lbs. of dry matter and only fifty-three 
bushels of shelled corn to the acre, an amount 50.24 per 
cent, less for the dry matter and 18.31 per cent, less for the 
shelled corn. It should be said, however, that this corn was 
drilled in and not planted as thick. Another field on new 
land but higher ground which had been in pasture for years, 
gave ouly 5,066 lbs. of dry matter to the acre. 

In still further evidence of advantage derived from the 
water introduced into these tile drains may be cited the re- 
sults of a comparison of yields of six rows of hills taken 
along the line of tile with six others taken ^midway between 
them. In thecase of the flint corn the yield above the tile 
was 74 bushels of ears of 72 pounds each, while that mid- 
way between was 64 bushels or ]5.6 per cent. less. With 
the dent corn the yield above the tile was 73 bushelrf, while 
that midway between was 60 bushels per acre, an amount 
21.7 per cent less. 

The beneficial effect of irrigation upon potatoes has al- 
ready been cited on page 245. 

Pn the ground between the silt well A and the lake, Fig. 
25, the effect of sub-irrigation was very marked upon the 
clover of this yearns seeding where it grew very rank and 
thick. In the upper portion of the eastern half of the tile 
drained system where the water did not come nearer than 
3 to 3i feet of the surface by hydrostatic pressure the loca- 
tion of the tile became evident from the stronger growth of 
second crop clover. 

Just why the thick seeding of corn failed to ear normally 
is not evident in view of the facts at hand. In the case of 
the large pot experiments where the pots stood in the corn 
field, less than nine-tenths of a square foot of surface re- 
peatedly produced large normal stalks and ears, giving 
yields as high as 34,730 lbs. or 17 tons of dry matter to the 
acre. In the thickest seeding in the field this season the 
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root room was nearly equal to that in the pots and the soil 
was in much better heart in all cases, and yet the largest av- 
erage yield here was not quite one-third of that cited. The 
standing room in the air and sunshine was less in the field 
trial, but even marginal rows in the field failed to develop 
normally. 

It is true that while 34. 23 inches of water were used in 
the pot experiment under conditions where none of it could 
be lost by percolation, only 16.76 inches were used in the 
field where some part of it may possibly have parsed down- 
ward beyond the reach of root action. There was a por- 
tion of the surface irrigated ground, on which the flint corn 
grew, measuring more than 2,400 square feet, which did 
produce over 29,000 lbs. or 14.5 tons of dry matter to the acre, 
and a very large, though not normal, proportion of ears, 
but it is quite certain that this area received more than 
16.67 inchfts of water, just how much can only be conject- 
ured. 

One object of these experiments was to learn how much 
closer than the general practice of field planting corn may 
be grown provided ample water is furnished, and the re- 
sults appear to warrant the conclusion that with more 
water supplied and less wasted a considerably closer stand 
and much larger yield may be had, and it is safe to say 
that as land values advance large areas of ground devoted 
to the raising of corn and potatoes and other field crops 
will be made to utilize portions of the abundant water of 
comparatively humid climates which now passes unused in 
many streams or lies idle and an obstacle to progress in a 
thousand lakes and marshes. 



COST OF PUMPING WATER. 

In raising the water from the lake for these experiments 
a No 4. centrifugal pump was used, driven by a common 
portable farm engine. The water was drawn through a 6 
inch suction pipe 110 feet long, raised to a height of 26 feet 
and conveyed by gravity to the reservoir through a 6 inch 
galvanized iron conductor pipe. 
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During three days the coal used in pumping was weighed 
and the amount burned on the 8, 10 and 11 of September 
was 1,865.1 lbs. of Indiana block, pumping with it 74,909 
cubic feet of water or at the rate 80,320 cu. ft. per ton of 
soft coal, equal to 22i acre-inch. Had we been provided 
with a larger discharge pipe and facilities for using water 
more rapidly than was possible at the time., the same 
amount of fuel would have been able to raise much more 
water than it did under the unfavorable conditions of the 
experiment. 
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CULTIVATION OF CORN THREE INCHES DEEP COM- 
PARED WITH A LESS DEPTH. 



F. H. KING. 



During four consecutive seasons experiments have been 
made aiming to establish the best depth of stirring the soil 
in the cultivation of corn. There have been conducted in 
all twenty experiments bearing upon this question, thirteen 
of which have been on the Station farm and seven in differ- 
ent portions of the state, as follows: 

Two by Mr. A. F. Xoyes, Beaver Dam, Dodge Co. ; one 
by Mr. Geo. Wyley, Leeds, Columbia Co. ; one each by Mr. 
B. C. Herrick. Plainfield, Portage Co. ; Mr. Chas. Diener, 
Stephensville, Outagamie Co. : Mr. Herman Kohlwey, Graf- 
ton, Ozaukee Co. : Mr. Fred M. Balsle\ , Fayetteville, Wal- 
worth Co., and Mr. Grant Austin, Milton, Rock Co. The 
last five gentlemen have been Short Course students at the 
university. Neither Mr. Wyley nor Mr. Xoyes need an in- 
troduction here. It is due these gentlemen to state that the 
several e3:periments have been conducted with great care 
and without other compensation than comes from, the satis- 
footion of having helped in the establishment of trath. 

PLAX OF THE KXF£RI3iKNTS. 

In all these experiments the same ^neral plan has been 
folio we\l and two depths only have been tried, always 
under fie\i vvn Jitiv^ns. where the ground planted to com 
usually exceeded one aore. Three inches has been adopted 
as the n^.aximum dep:h in these trials anii one to one and a 
half inches as the minimum. The trial plots have consisted 
of i%l!terna::ni: civ-ps vn four Tv^w?, c^ne set cultivated deep 
and the other set shallow. Culiiv^tic^n three inches deep 
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means, in these trials, such that when the loosened soil is 
brushed away the points of the teeth have a measured ver- 
tical depth of three inches below the unstirred soil. 

The comparative yields have always been determined by 
weighing the whole product of the two middle rows of each 
group of four and when only twelve rows extending 
through the field have been entered for competition these 
have been located upon a section where all conditions were 
as nearly uniform as possible and the yield of the two cen- 
ter rows of the middle plot has been compared with the 
mean of that of the two center rows of the adjaceuj plots 
on either side. Where dead furrows and back furrows ex- 
tended in the same direction as the rows of corn care has 
been taken to avoid them, and when whole fields have en- 
tered into the trial these have been cultivated throughout 
in alternate groups of four rows deep and four shallow, the 
yields of the middle two rows of each always and only 
entering into the comparison and outside rows and end 
hills have been rejected. The early cultivation of these 
trial rows has consisted in the common harrowing of the 
whole field before and shortly after the corn was up and in 
the later cultivation the aim has been to run close enough 
to keep the corn clean without the aid of the hoe. Of 
course cultivation but one way could be followed in these 
trials. 

EXPERIMENTS AT THE STATION FARM. 

Incur first experiments in 1891 the Deere Eagle Claw 
cultivator was used the latter part of the season and the 
Deere Spring Tooth during the early portion. The corn 
was planted May 29 in rows 3.5 feet one way and in hills, 
of two stalks, 16 inches the other. It was harrowed on 
June 8, and cultivated June 1.1, 18, 25, July 6, 13 and 16. 

During this time the foUowmg amounts of rain fell: May 
29th to June 8th, 1.23 inches; June 8th to 11th, trace; ]lth 
to 18th, .05 inches; 18th to 25th, .76 inches; 25th to July 6th, 
3.12 inches; July 6th to 13th, .41 inches. The total rainfall 
from May 20th to September 1st was 9.11 inches. 

The trials were two, both in the same field but one portion 
manured and the other not, and at the time of cutting the 
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i.feivao^ was 3.18 per cent, in favor of the cultiva- 

;i, U^iN but after determining the amount of dry 

tvviv was a difference of only .76 per cent, in favor 

. »K iw^H^r cultivation on the unmanured ground and no 

i;n.viuvou the land which was manured; but the mean 

^ .wd v.^t' husked corn stood 1.13 percent, greater on the 

vVvi:\kw^>r than on the deeper cultivation. 

l>i ISi^^ there were also two trials, one on manured and one 
s^i* uumanured ground, both in the same field. The corn was 
yluatt^d May 28th in rows 3.5 feet apart and hills twenty- 
yv^k^ inches distant the other way, and thinned to two stalks 
iu a hill. The three inch cultivation was with the Deere 
Kagle Claw and the shallow with the Tower cultivator, the 
work being done on June 28th, July 5th and 15th. From 
May 28th it rained more or less every day but six until 
July Ist, there being only two consecutive days without 
rain at any time in the interval. The rainfall between 
planting and June 28th was 9.10 inches, from June 28th to 
July 5th .51 inches and from the 5th to the loth .62 inches, 
while the total rainfall from May 20th until September 1st, 
was 15. l'^ inches. 

At the time of cutting the corn the total yield on the un- 
manured land was 3.45 per cent, greater on the shallow cul- 
tivation than upon the three inch, while upon the manured 
land the yield was .58 per cent, in the opposite direction. 
When the total dry matter is compared the unmanured 
shallow gave 5.7 per cent, greater yield than the deep, but 
on the manured the yield was 1.6^5 per cent, greater on the 
deep than on the shallow. Comparing the weight of ears 
the results stand 5.09 per cent, on the unmanured for the 
shallower and on the manured 1.85 per cent, for the deeper 
cultivation. 

The trials in 1893 at the Station are theee in number, the 
Deere Eagle Claw and Tower cultivators being used. In 
trial No. 1, the corn was planted May 27th, 3.5 ft. by 21 in. 
and two stalks in a hill, and the dates of cultivation for all 
trials were as follows: Harrowed June 2d and 6th, culti- 
vated June 12th and 13th, 17th and 19th, 23d and 24th, July 
Ist and 3d and ICth and 11th. The ramfall was as follows: 
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May 27th to June 6th, 1.68 inches; June 6 to 12th, 2.81 inches; 
12th to 17th, 1.5 inches; 17th to 23d, 1.01 inches; 23d to July 
1st, trace; July 1st to 10th, 2.7 inches, and July 10th to Sep- 
tember 1st, 3.29 inches. While the total rainfall from May 
20th to September Ist was 13.61 inches. 

In trials No. 2 and No. 3 the corn was drilled in rows 3 ft. 
8 in. apart. The differences in the yields for the several 
trials are 11.41 per cent, for No. 1, 4.46 per cent, for No. 2, 
and 6.55 per cent, for No. 3 greater on the 3 inch cultiva- 
tion than on the 1.5 inches. And in the case of the total 
dry matter the differences stood 4.56 per cent, and 3.46 per 
cent respectively for Nos.2 and 3. The total dry matter was 
not determined in No. 1, but the yields of kiln-dried shelled 
corn stood 68.46 bushels for the 3 inch cultivation and 65.45 
bushels per acre for the more shallow depth. 
The trials in 1894 were five in number, two with a flint 
' corn and three with Pride of the North dent. Two were 
on sod ground plowed in the spring, the other three on old 
ground. In the following table are given various facts re- 
garding the several trials: 



♦ 


No. 1. 


No. 2. 


No. 8. 


No. 4. 


No. 5 


Ground 

Corn 

Planted 


Old 

Dent .. . 
May 15. . . . 

May 25 

June 1... 
Juoe 6.... 
June 16... 
June 21... 
June 30. . 


Old 

Dent 

May 35... 


Old 

F.int 

May 17 ... 
May 20... 


Sod 

Dent 

May 28... 
June 4 


Sod 

Flint 

MayS8 ... 


Harrowed 


June 4 . . . 






Cultivated 


June 12. . . 

June 22... 
July 2 .... 


June 12... 


June 18... 


June 12. .. 


Cultivated 




Cultivated 

Cultivated 


June 22... 
July 2... 


June 28 .. 
July 2 ... 


June 22. . . 
July 2 . . . . 




« 



The rainfall of the season was as follows: May 15 to 20, 
1.37 in. ; May 20th to 23d, .42 in. No rain from May 24th to 
June 15th; June 15th to 21st, 1.83 in.; June 21st to 28th, 2.11 
in. No rain fell from June 29th to July 13th; July 14th to 
September 1st, 2.42 in. 

The Tower cultivator was used on field No. 4, running it 
at one inch on one group of rows and as deep as was possi- 
ble on the other set, but this could not be made to exceep 
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two inches. On the other fields the Deere Spring tooth, 
having eight narrow shovels, was used for both depths of 
cultivation. On these several trials the yield stood as fol- 
lows: 

For green weights. 

Field No. 1. Cultivation— 8 in. gave 1.41 per cent, more than 1 to 1.5 in. 

Field No. 2. Cultivation—a in. gave 1.09 per cent. less than 1 to 1.5 in. 

Field No. S. Cultivation— 8 in. gave 8.15 per cent. less than 1 to 1.5 in. 

Field No. 4. Cultivation— 8 in. gave l.OI per cent, less than 1 to 1.5 in. 

Field No. 5. Cultivation— 8 in. gave »ame as 1 to 1.5 in. 

For dry matter. 
Field No. 1. Cultivation- 8 in. gave .43 per cent, more than 1-1.5 in. 
Field No. 2. Cultivation— 8 in. gave 8.43 per cent, more than 1-1.5 in. 
Field No. 8. Cultivation— 3 in. gave 1.78 per cent, less than 1-1.5 in. 
Field No. 4. Cultivation - 8 in. gave 8.55 per cent, more than 1-1.5 in. 
Field No. 5. Cultivation— 8 m. gave S 98 per cent, less than 1-1.5 in. 

EXPERIMENTS IN OTHER PARTS OF THE STATE. 

The experiments in other parts of the state have been 
eight in number, seven in 1894 and one in 1893. 

Experiments of Mr, A. F. Noyes, — These were con- 
ducted during two years, 1893 and 1894. His first experiment 
was in a field of Pride of the North dent with rows 98 rods 
long. Two sets of four rows were cultivated 3 inches deep 
with four rows shallow between, using a 5-tooth one-horse 
Row ell cultivator having bladtss about 3 inches wide, while 
the middle four rows and the balance of the field were culti- 
vated shallow with the Tower cultivator. I have no record 
of the time and number of cultivations but all rows received 
the same treatment except as to depth of stirring the soil. 
The corn was cut and weighed on the same day, dividing 
each row into north and south halves, weigrhing each sep- 
arately in order that each half might serve -.as a check 
upon the other. Numbering the rows f rem east to west 
they stand and were cultivated as below: 

1.5 in. deep. 3 in. deep. 1.5 in. deep. 3 in. deep. 



■> /- 



16 15 14 13 12 11 10 9 8 7 5 4 3 2 1 

The most equitable comparison which can be made in 
this case will be to combine 2, 3 with 10, 11 and compare 
the mean of the four weights with the mean weight of 6, 7; 
and then to combine 6, 7 with 14, 15 and compare the mean 
of these four rows with the mean of the two rows 10, 11. 
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Doing this both with the north and south halves we get 
the results which are tabulated below: 

South half. 



No. of row. 



2. 

3. 
10 
11. 



Mean 

nilTereiioe. 



Weight. 



1,874 lbs. 
1,890 lb). 
1,165 lbs. 
1,454 lbs. 



No. of row. 



6. 
7. 



1,345 75 lbs. 
155.25 lbs. =13. 01 per cent. 



Weight. 



1,131 lbs. 
1,250 lbs. 



1,190.5 lbs. 



8. 

3. 


■^ 


North 

1,138 lbs. 

983 lbs. 

1,095 lbs. 

1,070 lbs. 


half, 

6 


885 lbs. 
678 lbs. 


10, 








11 






Mean 

Difference 






1,071.25 lbs. 
298 75 lbs.=J 


781.5 lbs. 




7.08 per cent. 





If we combine the weights of rows 6, 7 and 14, Id and 
compare their mean sum with that of 10, 11, we have 
the results below: 

South half. 



No. of row. 



to 

11 

Mean 

Difference 

10 

11 

Mean 

Difference 



Weight. 



1,165 lbs. 
1,454 lbs. 



No. of row; 



6 

14. 
15 



Weight. 



1,30».5 lbs. 

43 25 lbs. = 3.42 per cent. 

North half. 



1,131 lbs. 
1,250 IbF. 
1,386 lbs. 
1,298 lbs. 



1,266.25 lbs. 



1,095 lbs. 
1,070 lbs. 



1,082.5 lbs. 
156.75 lbs. = 16 94 per cent. 



6. 

7 

14. 
15 



885 lbs. 

678 lbs. 
1,074 lbs. 
1,066 lbs. 



925.75 lbs. 
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In each of these comparisons it is seen that the cul- 
tivation 3 in. deep had produced the larger yield. If the 
total weight of the rows cultivated 3 in. is compared with 
that cultivated 1.5 in. we shall find the following: 



8 inches. 


1.5 Inches. 


Difference. 


9,668 lU 


8,768 Ibfl. 


900 lbs. 



from which it appears that there is a diflference of 10.26' 
per cent, in favor of three inches as a mean of the whole. 

It was observed after the experiment was under way that 
the northern ends of the two rows G, 7, fell upon what 
had some years before been either a gully or a dead furrow 
and it is this fact which makes the large percentage diflfer- 
ence shown in the first comparisons, and this also influences* 
the general average, making it too large. 

If we compare the yields from the south half of the field 
simply we shall have 5,383-5,0^5= lbs. or a diflference of 
6.27 per cent in favaor of the cultivation 3 in. deep. If we 
compare rows 2, 3, with 15, 16, there is in this case a diflfer- 
ence of .41 per cent, in favor of the deeper cultivation, or 
again if we compare 10, 11, with 14, 15, we find still a 
diflference of 9.6 per cent, in the same direction. There- 
appears therefore no escape from the conclusion that what- 
ever may be the reason the rows which were cultivated 
3 in. deep produced a larger yield than did those cultivated 
1.5 in. deep. 

Mr. Noyes' next trial was in a field with rows 80 rods- 
long and, as last year, on a soil of medium clay. This sea- 
son both the 3 in. and the 1.5 in. cultivation were done with 
the Rowell 5-tooth one-horse cultivator. An eflfort was 
made at the start to make two trials, one exclusively with 
the Rowell and the other with the tower cultivator, but he- 
found it impossible to work the soil to a depth of 3 in. with 
the Tower, even when going twice over the ground and the^ 
last two cultivations were done with the Rowell. The corn 
used in these trials was a white dent, and the results are^ 
indicated in the table below: 
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First twelve rows. 



Cultivation 
1.5 in. deep. 



Cultivation 
8 in. deep. 



Weight 9,126 IbB. 

Difference, 821b8.=3.8 per cent. 

Second ttoelve rows. 

Weight I l,9071b8. | 

Difference, 163 lbs.=6.85 per cent. 

Both trials. 



2,213 lbs. 



Cultivation 
1.6 in. deep. 



2,194 lbs. 



2,871 lbs. I 2,530 lbs. 



Weight. 
Weight. 



Mean 

Difference, 117.25=6.86 per cent. 



Cultivation 
8 m. deep. 



2,842 lbs. 
2,871 lbs. 



2,806.5 lbs. 



Cultivation 
1.6 in. deep. 



8, 126 lbs. 
2, 194 lbs. 
1,907 lbs. 
2, 580 lbs. 



2,169.25 lbs. 



In these two trials it will be seen that there are three 
pairs of rows 80 rods long cultivated 1.5 in. deep, each of 
which is lighter than either of the two pairs of rows culti- 
vated 3 in. deep, but there is one pair of rows cultivated 
1.5 in. deep which is heavier than either of the two pairs 
cultivated 3 in. deep. 

Experiment of George Wyley. — This trial was made on a 
soil of black prairie loam having a full foot in depth which 
is underlaid with a fine textured red clay of great water 
capacity and having a thickness exceeding two feet on the 
lower land but upon the higher portions this passes into 
gravel in the third foot. The rows were planted north and 
south and were 140 rods long extending across clover sod 
plowed in the spring, clover sod plowed in the fall, oat 
stubble fall plowed, and the corn was Murdock's improved 
dent. 

The Tower cultivator was used for the 1.5 inch cultivation 
acd a sulky 4-shovel cultivator with wide pointed teeth was 
used for the 3 in. cultivation. 
18 
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The results of this trial are given in the table below: 

Clover aod, spring plowed. 



Cultivation, 1.5 inchks. 


Cultivation, 8 incbks. 


Cultivation, 1.6 .inches. 


Total. 


Ears. 


Total. 


Ears. 


Total. 


Ears. 


Lbs. 
556 


Lbs. 
2144 


Lbs. 
502 


Lbs. 
109.2 


Lbs. 
645 


Lbs. 
212.4 



Clover sod, fall plowed. 




Oat stubble, fall plowed. 



2,491 



8660 



2,908 



825.8 



2,186 1 



848.1 



In each of these cases it will be seen that there is no in- 
stance where the 1.5 in. depth has not produced the larger 
yield, both of ears and total weight of stalks and ears. In 
the clover sod, spring plowed, the shallow cultivation is 9.66 
per cent, for the total and 7.13 per cent, for the ears larger 
on the 1.5 inches than on the 3 inches; while for the other 
two cases the differences stood 16.09 percent, for total, 26.83 
per cent, for ears, and 4.63 for total, and 3.48 per cent, for 
ears in the second and third respectively. 

If the total weights of the rows are compared without re- 
gard to the condition of the ground the mean difference 
gives the 1.5 inch depth an advantage of 7.64 per cent, for 
the stalks and 8.07 per cent, for the ears over the cultiva- 
tion 3 in. deep. It should be observed that where the rows 
passed across the clover sod fall-plowed the ground rose 
into a gravelly knoll where there was naturally a greater 
deficiency of water and the effects of the two cultivations 
are here most marked. 

Experiment of E. C. Her rick, — ^This was on the sandy 
soil of Portage county and the shallow cultivation was with 
the Tower, while the 3 in. depth was with a one-horse 
5-tooth Planet Jr., and it should be kept in mind that the 
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last cultivation was on August 13, at which time corn roots 
were observ^^d to collect upon the teeth of the Planet Jr. 
cultivator. The rows had a length of 800 feet. Below 
are the results of the trial: 

Cultivation, 8 inches. Cultivation, 1.5 inches. Cultivation, 3 inches. 

315 lbs. 394 lbs. 319 lbs. 

Difference, 77 lbs. = ?4.29 per cent. 

Here it will be seen the results are very pronounced in- 
deed in favor of the shallower cultivation. Only a portion 
of the corn was husked and in this the ratio of weight of 
stalks to the weight of the ears was identical in the two 
cases. 

Experiment of Chas. H. Diener. — The cultivation of this 
trial was done with a one horse five tooth Cribb cultivator 
having teeth three and four inches wide, and the soil was a 
sandy loam underlaid at two to three feet with a very fine 
red clay, having a large water capacity so that here, except 
in color of surface soil we have conditions very similar to 
those on the farm of Mr. George Wyley. 

The corn rows had a length of fifty-five rods and the re- 
sults of the trial are given below: 

Cultivation, 8 inches. Cultivation, 1.6 inches. Cultivation, 3 inches. 

1,036 lbs. 971 lbs. 1008 lbs. 

Difference, 51 lbs. =5.25 per cent. • 

A portion only of the corn was husked and this gave the 
ears on the cultivation 3 inches deep 45.96 j^er cent., and on 
the cultivation 1.5 inches 42.14 per cent, as the ratio of 
weight of the ears to the weight of the ears and stalks. In 
this case on a sandy loam the 3 inch cultivation is unques- 
tionably superior in yield to the cultivation 1.5 inches deep. 

Experiment of Mr, Herman Kohlwey. — The soil on which 
this trial was made was a sandy clay containing some 
gravel and was cultivated with the Ell wood Iron King 
four-shovel cultivator with teeth 5.5 inches wide. The 
corn was one of the large varieties and was cut for silage, 
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the weights being taken at once after cutting, giving the 
results below: 

Cultlyation, 3 inches. CultiTation, 1 .6 inches. Cultivation, 8 inches. 

9, 244 lbs. 2, 154 lbs. S,250 lbs. 

Difference, 08 lbs. = 4. 82 per cent. 

The rows in this field were 353 feet long and planted in 
drills 3.5 feet apart. 

Experiment of Mr. F. M. Balsley. — This experiment, like 
the last, was conducted upon a sandy clay soil containing 
gravel and was worked with one of the Old Gorham four- 
shovel sulky cultivators having teeth five inches wide. 
Through a mistake in cutting the corn in this trial, one of 
the two center rows of the deep cultivation, was put with 
one of the outside rows of the four on that side, and hence 
only two rows of the three-inch cultivation remained to be 
compared with the two of the 1.5 inches. This comparison, 
however, could be made without violence to the cultivation 
giving the smaller yield because the slope of the field 
placed the two rows having the larger y ield on the uphill 
side, which ordinarily would tend to place these at a dis- 
advantage. The results are as follows: 

Cultivation, 3 inches. Cultivation, 1.5 inches 

976 lbs. 897 lbs. 

Difference, 79 lbs. = 8.81 per cent. 

In this case the three-inch cultivation is plainly ahead of 
the lesser depth, and in the portion of the corn which was 
husked the ratio of ears to total weight stood 42.94 per cent, 
for the three inches and 39.88 per cent, for the 1.5 inches. 

Experiment of Mr, Grant C. Austin. — This trial was upon 
a fine black prairie loam and the work was done with a tool 
very similar to the one used in the last experiment. The 
rows were 84 rods long planted 3 feet 8 inches apart in 
drills, and the corn was a white dent. The yields stood 
as indicated below: 

Cultivation, 8 inches. Cultivation, 1 .5 inches. Cultivation, 8 inches. 

2, 426 lbs. 2, 876 lbs. 2, 856 lbs. 

Difference, 16 lbs = .68 per cent. 
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In this case there is practically no difference in the two 
types of cultivation, there being only .63 percent, in favor of 
the 3 inches. None of this corn was husked. 

If we bring together the records of the times of cultiva- 
tion for these seven experiments and the times of planting 
they stand as below: 



Milton. 



Fayette- 
ville. 



Qrafton. 


Stephens- 
vUle. 


Plainfleld. 







Leeds. 



Beaver 
Dam. 



Time of planting, 
May 15 I May 14 ... | May 88 ... | May 28... | May 24.... | May 16.... (May 28 



May 17, 26... 



Time of harrowing. 



May 26, 81. 
June 1 



June 8,20.. 



June 2,6. 



May 25 .. 

June 1, 10. 



May 24, 26. 



June 1,9, IS 



Time of cultivating. 
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1 


Table of rainfall far 1894. 






• 


Date. 


Milton. 


Pay- 
etVUIe. 


Graf- 
ton. 


St^h- 
enaville 


Plain- 
fleld. 


Leeds. 


Beaver 
Dam. 


Madi- 
son. 


May 17-18 

May aO-21 

M*y 2^28 


.63 
.50 


• 

.75 
.13 


T 

T 

T 
.31 
.63 
.25 
.88 
.87 
.63 

T 

• • • • • 

T 

1.38 
.06 

.06 


• • • • • • 


• • « • • • 


2.15 




1.37 
.24 


■••••■ • 

• • • « • • • 

T 

• • • • ■ ■ 

.88 
1.75 


2.26 

• • • # • • • 

.13 
2.00 


.43 




.18 


May 26 




May 27-80 




T 






T 


June 4 






June 18 






• • • • ■ • 

4.19 


• •••••• 

2.25 
.25 




JunelS 

June 16-17 


2.00 
5.12 


.81 
2.25 


1.82 


June 18 


.01 


June 22 






T 


June28-25 


.38 


.76 


.88 
.63 
T 
.20 
.62 
.06 
.12 
.63 
.06 


.13 


2.15 
.43 


2.88 


1.99 


June26-28 


.08 


Julv 6 


■ • • • ■ • 




.04 


July 14-16 


.12 


• • • • • • 

.43 


.06 
25 
.33 


.11 


July 18-20 


1.50 


.75 


1.89 


July 28 


T 


July 31-Aue. 1 


• 


• • • • • • • 

.06 
.13 






.27 


August 10-12 

August 14 


.87 




.10 


.42 


August 20 


• • ■ • • • 




August 26 






.65 
1.30 






September 8-4 






.12 


.50 


• • • • 




M2 




10.13 






Sums 


5.18 


4.19 


5.83 


5.50 


11.73 


6.12 


8.04 







* Heavy rain. 

By comparing the table of times of cultivation with that 
of the times and amounts of rainfall it is not apparent that 
any relation exists between these and the percentage 
amounts which the yields show in favor of one or the other 
depth of cultivation. It is true that at Milton and the Sta- 
tion farm where the last cultivations were the 28th of June 
or 2nd of July there is the least diflference between the 
yields from the two depths of culture. 
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EFFECT OF DEPTH OF CULTIVATION ON THE WATER- CONTENT 

OF THE SOIL . 

The effect of depth of cultivation on the soil moisture 
has been studied dur^np: three seasons, the water being de- 
termined in one foot sections to a depth of four feet The 
samples in all cases have been taken in the center between 
the two middle rows of each group of four and two adja- 
cent groups of rows only have been compared. Where the 
slope of the surface was appreciable from one group to 
another the comparison is made by combining samples 
from two groups of like cultivation on opposite sides and 
adjacent to one of the other lying between them. 

The table below shows the observed differences at the 
times there noted: 

Table showing the per cent, of water in com ground cultivated 3 inches and 

1.5 inches deep. 



Aug. 27, 1892 



Diflference . 



• . ■ • 



Sept. 16, 1892 



Diflference 



No. 2. 



Aug. 19, 1893 



DiflfereDce. 



No. 3. 



Aug. 19. 1893. 



Difference. 



No. 1. 



July 16, 1894. 



Difference. 



Cultivated. 



3 inches... 
1.5 inches. 



3 inches... 
1.5 inches. 



3 inches 

1.5 inches. 



3 inches. . . 
1.5 inches. 



3 inches . . 
1.5 inches. 



1ft. 


2 ft. 


Per cent. 
2i.09 
22.85 


Per cent. 

18.75 
18.03 


1.24 


.72 


23.14 
2-2.70 


23.30 
21.08 


.44 


2.22 


14.27 
14.58 


15.68 
15.03 


.31 


.60 


11.89 
11.73 


12.59 
12.02 


.16 


.57 


11.30 
9.92 


15.57 
15.43 


1.38 


.14 



3 ft. 



Per cent. 
18.94 
17.88 



1.06 



4 ft. 



Per cent. 

21.18 

18.97 

2.21 



21.94 
19.65 



8.29 



17.17 
14.92 



2.25 



13.63 
18.92 
—.29 



10.54 

11.56 

-1.02 



22.46 
19.68 



2.88 



16.87 
16.84 



.03 



17.96 
19.95 



—1.99 



11.37 

13.99 

-1.52 
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Table showing the per cent, of water in corn ground cultivated 3 inches and 

1.5 inches deep. — Ck)ntmued. 



i 


Cultivated. 


1ft. 


2 ft. 


8 ft. 


4 ft. 


No9. 2 and S. 
July 16, 1894 


8 inches 

1.5 inches 


18.96 
12.96 


22.74 

20.44 


23.39 
24.02 


19.17 
21.34 


Di£Ferenoe 


.98 


2.30 


—.63 


—1.87 








No. 4. 
July 16, 1898 


> 

8 inches 


Percent. 
17.63 
16.34 


Per cent. 
25 53 
24.43 


Per cent. 
25.80 
24.05 


Per cent. 
23.18 




1.5 inches 


23 20 


Difference 


1.29 


1.10 


1 75 


— 08 








No. 5. 
Julyl6, 18fr4 


3 inches 


11.65 
10.65 


17.47 
16.85 


16.44 
17.81 


13.08 




1.5 inches 


13.32 








Difference 


1.00 


.62 


—1.37 


—.29 




• 




No.l. 
Aug.. 15, 1894 


8 inches 


7.87 
6.52 


11.29 
9 82 


10.60 
9.24 


11.24 


1 6 inches 


9.22 








Difference 


1.33 


1.47 


1.36 


2.02 








Nos. 2 and 3. 
Aug. 15, 1894 


3 inches 


12.25 
11.67 


16.89 
16.05 


17.50 
15.85 


16 58 




1.5 inches 


19.23 








Difference 


.58 


! 84 


1.64 


—2.70 








No. 4. 
Aug. 15, 1894 


3 inches 


13.94 
14 21 


18.80 
18.63 


20.06 
20.24 


22.15 




1.5 inches 


22.00 








Difference 


.27 


•17 


— 18 


.13 








No. 5. 
Aug. 15, 1894 


3 inches 

1.5 inches 


8.13 
7.13 


12.49 
11.26 


18.97 
12.75 


17.04 




11.79 


Difference 


1.00 


1.23 


1.22 


6.25 









These tables show in a very conclusive manner, cover- 
ing as they do three consecutive years and being made up 
of twelve sets of determinations, each extending to a depth 
of four feet, taken in seven different fields, that cultivation 
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3 inches deep does leave the gound more moist below the soil 
stirred than does the cultivation 1.5 inches deep. Indeed 
it will be seen that there are only two cases in the surface 
foot and none in the second foot where the soil of the 3 
inch cultivation is not more moist than the shallower depth, 
the average difference being .74 per cent for the firstfoot 
and 1.00 per cent, for the second foot and this means for the 
soils in question a difference of 1.5 lbs. of water to the 
square foot in the upper two feet in favor of the 3 inch 
cultivation; and this difference has occurred, too, where, in 
the majority of cases, there has been a larger production of 
dry matter and presumably a larger consumption of water. 

The data of the table above bring into strong relief 
another effect which has been referred to in earlier reports, 
namely that of translocation of soil moisture. Referring to 
the table it will be seen that of the four sets of samples 
taken on July 16, 1894, from as many different fields, there 
is only one exception to the rule that while the surface two 
feet of the 3 inch cultivation is more moist than the 1.5 inch 
cultivation the reverse of this is true of the third and fourth 
feet, these being dryer. The facts appear to be that while 
the surface two feet of soil are more moist they are drawing 
water faster from the third and fourth feet than they could 
were they dryer. 

If we bring together all of the cultivation experiments 
conducted by this Station, placing the differences in favor 
of the 3 inch cultivation in one group and those in favor of 
the 1.5 inch in another they will stand as given below: 
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Table showing the percentage difference in yield between cultivation 8 

inches deep and 1.5 incTies deep. 



3 inch 
cultiva- 
tion. 



Experiment Sta. : 

No. 1, 1891 

No. 2, 1891 

No. 1, 1892 

No. 2, 1892 

No. 1, ?893 

No. 2, 1893 

No. 3, 1893 

No. 1, 1894 

No. 2, 1894 

No. 3, 1894 



per cent. 
.76 
.00 



1.62 
3.46 
4.56 
11.41 
.43 
3.43 



1.5 inch 
cultiva- 
tion. 



per cent. 

.00 
5.70 



1.78 



Experiment Sta,: 

No. 4, 1894 

No. 5, 1894 

Milton 

Fayetteville 

Grafton 

Stephensville 

Plainfi«>ld 

Leeds 

Beaver Dam, 1893.. 

Beaver Dam, 1894. . 



3 inch, 
cultiva- 
tion. 



per cent. 
3.65 



.68 

8 81 
4.82 
5.25 



10.26 
5.35 



1.6 inch 
cultiva- 
tion. 



per cent. 



2.96 



24 29 
7.64 



It is here seen that of the 20 trials 14 are in favor of the 
3 inch cultivation and 5 in favor t)f the 1.5 inches, while in 
the other the yields are equal. 

These results are not in full accord with work done at 
some other stations, but it should be said that this could not 
be expected in all cases. The Illinois experiments which 
have extended over 6 years give an average of 3.27 per cent 
in favor of 1.5 inches as compared with a depth which Prof. 
Morrow states ranges from 4 to 6 inches, the latter being 
exceptional, and yet two of the six years' trials gave yields 
of 14.27 per cent and 8.56 per cent respectively in favor of 
the deeper cultivation. 

Those of the Kansas trials which are comparable in depth 
with our own, three in number, stand two to one in favor 
of 3 inch, with a mean difference of 2.18 per cent. The 
Indiana trials also comparable in depth and covering six 
years stand one to five in favor of one inch as against three 
inches with a mean difference of 4.78 per cent. Ohio com- 
paring more than four inches with two inches finds 1.97 
per cent, in favor of 2 inches. Utah comparing 3 inches 
with 1 inch finds a balance of 7. 75 per cent in favor of 1 
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inch, and Missouri comparing 5 to 6 inches with 1 inch finds 
a balance of 25.07 per cent, for ears and 21.17 per cent, for 
st£^lks in favor of the less depth. Other stations have also 
done work which favor the shallower depths of cultivation, 
but just what the depths are is not stated. 

It seems to be quite definitely settled that with rare ex- 
ceptions a cultivation as deep as four inches is less pro- 
ductive than a shallower one. It seems also clear that the 
best depth to cultivate is not constant either for soil or 
seasons. The problem is manifestly a complex one and in 
view of the magnitude of the interests involved merits a 
more extended and careful study than it has yet received. 



effect of deep and shallow cultivation on soil temper- 
ature. 

During the study of the present season soil temperatures 
in all of the fields under experiment have been taken to 
depths of 3 feet and with wholly concordant results, show- 
ing the soil cultivated 1.5 inches deep warmer than that cul- 
tivated 3 inches deep, but with differences less than those 
recorded for last season, the mean difference of all measure- 
ments being as below. 

1st foot. 2iid foot. 3rd foot. 

.82^ F. .59*^ F. .36^ F. 

The observations this season were made in the same 
manner as described in the last report, p. 190 except that 
two thermometers were used and readings taken simultan- 
eously on both types of cultivation. The thermometer used 
is represented in Fig. 26. 

The diurnal changes of temperature at a depth of one 
foot were also studied with the aid of two self-recording 
thermometers similar in pattern to that described in the 
Ninth Annual R^^port, p. 203, one of these instruments being 
set in the middle pair of two adjacent groups of four rows, 
one of which was being cultivated 3 inches and the other 
1.5 inches deep. The mean daily changes during the week 
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ending July 26 was for the 1.5 inch depth 1.65° P, and for the 
3 inch depth 1.45'' F., making a difference in diurnal range 
of .2° F. 





to 



^ 






@ 



Fio. 26.— Showina: maximum and minimmn soil thermometer £ra<luated to tenths of 
a decree F. and the bulb one foot long, giving the mean temperature of the foot of soil in 
which it is placed. 

These instruments were carefully calibrated at the close 
of the trial, which extended over four weeks, by placing 
them side by side in a reservoir of water and measuring 
the temperature of the water in contact with the bulbs by 
means of three mercurial thermometers graduated to tenths 
F®, readings being taken every 15 minutes at each end and 
in the center during a period of four hours. 
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THE RATE OF PERCOLATION FROM LONG COLUMNS 
OF SOIL. 



F. H. KING. 

The experiment described in the last Annual Report, page 
176, has been repeated the present year using apparatus 
represented in Fig. 27, where each tube is 8 feet long and 6 
inches in diameter and constructed as described under the 
figure. These were all filled with water-free sand having 
five degrees of fineness, namely, that which passed a screen 
of 20 meshes to the inch but was retained by one of 40, that 
which passed a screen of 40 but was retained by one of 60, 



iHnnlnnii tnniHn 
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luallze jprTBiure, The 1 
'-itea tbrough notches 



286 



Eleventh Annual Report op the 



that which passed one of 60 but was retained by one of 
80, that which passed one of 80 but was retained by one of 
100, and last, that which passed a screen of 100 meshes. 

Each cylinder was filled with water from below until it 
overflowed at the top and the percolation started January 
30. In the table below is given the amount of water which 
percolated during the times there stated, and also the per 
cent, figured on the dry weight of the sand. 

Table showing the amount and per cent, of water which percolated from 

columns of sand Sfeet long. 





No. 


20. 


No. 


40. 


No. 


60. 


No. 


80. 


No. 100. 


TiMK. 


Gms 


Per 
cent 


Qm8. 


Per 
cent. 


Gms. 


Per 

cent. 


Gms. 


Per 
cent. 


Gms. 


Per 

cent. 


80 mln 


3298.3 

1606.6 

718.7 

486.8 

S23.3 

193.7 

463.8 

250.8 

85.0 

68.8 

66.8 

27.0 

10.92 


6.(9 
3 01 
1.48 
.97 
.46 
.89 
.98 
.60 
.17 
.14 
.18 
.05 
.2? 


2427.1 

1637.6 

637.8 

478.3 

299 6 

2123 

489.1 

211.0 

94.6 

78.8 

23.6 

26.1 

188.0 


4.96 

3.44 

1.71 

.97 

.69 

.43 

1.00 

.40 

.19 

.016 

.05 

.0:3 

.38 


1730.0 
1451.9 
631.2 
763.4 
376.2 
249.0 
579.0 

217.9 

1 
122.7 

46.9 

33.8 

1.9 

129.5 


B.67 

8.00 

1.10 

1.6: 

.78 

.61 

1.19 

.48 

.26 

.10 

.07 

.004 

.27 


486.0 

416.7 

551.0 

641 7 

476.7 

507.3 

944.3 

410.2 

184.6 

fi9.3 

49.7 

26.8 

179.8 


.9vv 

.856 

1.132 

1.113 

.980 

1.043 

1.945 

.843 

.379 

.204 

.16^ 

.055 

,869 


890.0 

278.3 

830.7 

858.7 

305.2 

875.8 

11C8.8 

4S9.4 

161 

149.8 

69.0 

88.6 

209.3 


.761 


80 min 


.664 


Ihr.. 7 min 


.670 


1 hr., 82 min 

1 hr., 84 mln 


.717 
.619 


S hr., 33 min 


.762 


15 hr., min 


3.038 


S8 hr.» min 


1.012 


34 hr., min 


.3v6 


24 hr., 9 min 


.804 


24 hr., 6 min 

23 hr., 86 min 


.120 
.076 


49 hr., 66 min 


042 







At the end of this time the several soils had lost during 
the nine days of percolation the following totals: 



Dry weight of sand 
Weight of water... 
Per cent, of water. . 



No. 20. 


No. 40. 


No. 60. 


No. 80. 


Gms. 


Gms. 


Gms. 


Gms. 


60050.0 


49060.0 


48490.0 


48650.0 


7499.2 


7042.7 


6234.4 


4873.5 


16.29 


14.35 


12.86 


10.02 



No. 100. 

Gms. 
49340. 

4154. 
8.43 



The rate of percolation it will be seen decreased in a very 
marked manner as the soil grains became more and more 
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fine and that the finest] sand had lost in the time only a 
little more than one-half the amount of water which the 
coarsest one had. 

Table showing the amount and dates of percolation of waterfront sand of 
five degrees of fineness and columns 8 feet long. 



February? , 

Februarys 

Februarys 

February 12 

February IS 

February 14 

February 17 

February 19 

February 20 

February 20, P. M. 

February 21 

February 23 

February 26 

February 27, A. M. 
February 27, P. M 

February 28 

March 4 

March 12 

March 18 

March 22 

April 16 

Aprill? 

April 13 

May 10 

May 16 

May 17 

June 12 

June 18 

July 16. 

July 29 

August 8 , 

Octobers 

October 24 



No. 20. 


No. 40. 


No. 60 


No. 80. 
Gms. 


No. 100. 


Gms. 


Gms. 


Gms. 


Gms. 


.6 


.8 


IS.l 


20.6 


21.5 


.0 


.0 


11.2 


12.4 


.0 


19.8 


24 S 


.0 


22.7 


20.1 


1.1 


14 8 


28 2 


8.5 


23.2 


.0 


14 8 


7.8 


17.8 


27.1 


11.8 


8.4 


19.1 


8.7 


12.7 


7.5 


1.2 


9.7 


1.0 


50 


10.2 


1.8 


87. S 


19.9 


13.8 


.0 


.0 


.0 


45.0 


15 7 


40.7 


67.8 


.0 


.0 


82.9 


.0 


.0 


16.8 


.0 


.0 


.0 


.0 


.0 


43 5 


17.8 


44.7 


1.8 

1 


47.0 


35 9 


45 5 


.0 


1 .0 


.0 


20.2 


•0 


.0 


48.5 


.0 


.0 


16..S 


.0 


.0 


n.s 


.0 


11.7 


51 8 


.0 


.0 


.0 


.0 


.0 


.0 


.0 


12.6 


.0 


42.0 


88. 


.0 


.0 


81.6 


.0 


.0 





8.0 


7.8 


48.0 


40.8 


.0 


7.0 


.0 


.0 


.0 


.c 


7.9 


.0 


.0 


.0 


52.5 


35.2 


.0 


42.7 


.0 





.0 


25.3 


.0 


38.8 


.0 


6.5 


.0 


46.9 


.0 


.0 


18.2 


41 


67.5 


40.0 


55.8 


25.9 


28.1 


.0 


.0 


.0 


15.8 


.0 


2.0 


87.9 


2 5 


31 6 


43.0 


44.6 


.0 


1.5 


6.9 


.0 


.0 


85.3 


.0 


15.0 


.0 


.0 


48.3 


.0 


.0 


.0 


89.7 ' 


.0 


.0 


.0 


.0 
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But the most remarkable feature of this experiment is 
the very long period during which the percolation contin- 
ued and not much less surprising is the irregularity with 
which it occurred. It will be seen from the table above 
that all of the samples discharged some water as late as 
July 13, after the lapse of 164 days; while cylinder No. 20 
discharged 69. 7 grams of water on October 24, after a lapse 
of nearly nine months. 

If we compare the total percolation from February 7 to 
Oct. 24 in the several cases, we have the results stated below: 



No. 100. 



Dry weight of sand. 
Weight of water. . . . 
Per cent, of water. . 



INo.SO 


No. 40. 


No. 60. 


No. 80. 


"gms. 


gms. 


gms. 


gms. 


60050 


49060 


48190 


48650 


640 


452.8 


374.8 


441.1 


i.orft 


.916 


.778 


.907 



gma. 
49340 
4400 
.892 



Here it is seen that after the first rapid percolation had 
taken place all samples of soil went oq drying at nearly 
equal rates, each loosing not quite one per cent, of its dry 
weight, except the coarsest sand which continued to perco- 
late not only longest but also lost the largest amount of 
water during the latter interval as it did during the first. 

This observed slow percolation which passed out of the 
8-foot columns of sand, and hence under field conditions 
beyond root action, represents the following loss when 
figured in pounds for columns one sq. ft. in sectioa 

No. 20. No. 40. No. 60. No. 80. No. 100. 

9.15 lbs. 7.77 lbs. 6.56 lbs. 7.69 lbs. 7.56 lbs. 

and these losses represent more than an inch of rain in 
every case. 

Irrigation of sandy lands, — These observations have a 
very important bearing upon the irrigation of sandy lands 
and show in an emphatic manner that it would be extremely 
wasteful not only of water but also of fertility to apply 
water in large quantities at a time unless these lands are 
underlaid at a shallow depth with a much more impervious 
layer. We have in our state large areas of these lands ly- 
ing close to water, and these facts will be helpful to those 
who are now thinking of improving such lands by irrigation. 



r 
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SMALL LATERAL PRESSURE OF SILAGE AFIER 

SETTLING HAS CEASED. 



F. H. KING. 

We have now two cases where silos have burned after 
being filled with silage, one owned by Mr. C. E. King of 
Whitewater and the other by Mr. A. D. Bice of Milton. 
The fact that the silage In both these cases stood up,retaining 
the form of the space in which it was stored, demonstrates 
that after silage has once settled in a silo the lateral pres- 
sure then becomes very small or entirely ceases. Fig. 28 
is a photo-engraving of the silage from Mr. Rice's silo as it 
stood October *20, a few days after the fire. The silo was 
round and when it burned as the result of a fire starting in 
the hay of the barn the silage was not appreciably impaired, 
the surface being so green and damp that it hardly charred 
enough to leave the surface black. 

The silo of Mr. King was rectangular and in his barn, 
which burned four days after the completion of filling, but 
it should be said that the filling extended over a consider- 
able period of time. This fact of the rapid dying away of 
the lateral pressure has an important bearing on the con- 
struction of silo walls and shows that unless the walls are 
very rigid, so as not to spring when the silage settles, air 
spaces will be left between the walls and the silage in the 
upper part of the silo which must result in a large loss of 
dry matter. 

19 
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Tin, 28.— Showing gilaKe from Mr. Bict's bIIo aa it stood a (ew daya sfter Uie ib 
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SCALES USED FOR HEAVY WEIGHING. 




/. 



Fio. 29. 

TLg scales which have been used in weighing the large 
cylinders of soil in the pot experiments described in this 
and preceding annual reports are represented in Fig. 29. It 
is a specially constructed weigh-master's beam, having a 
capacity of 1,000 lbs., and turns quickly with less than one- 
tenth of a pound when carrying a weight of 600 lbs. The 
beam is graduated to tenths of a pound by notches in which 
a movable poise may be placed, giving a maximum weight 
of 50 lbs. Higher weights are^measured with the aid of a 
set of fixed weights which hang from the knife-edge shown 
at the right end of the beam. 

The several knife-edges are protected with removable 
guards shown at A. These are held in place, when the 
ecales are not in use, by set screws. 
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DESTRUCTIVE EFFECTS OF WINDS ON SANDY SOILS 
AND LIGHT SANDY LOAMS, WITH METHODS OF 
PREVENTION. 



F. H. KING. 



There is a rudely crescent shaped tract of land lying a lit. 
tie to the south of the center of this state and extending from 
Weyauwega, Berlin and Portage on the east to Barron, 
Menononie and Pepin on the west, which is covered, over 
most of its area, outside of the swampy and marshy dis- 
tricts, with a light sandy soil or sandy loam. 

Practical experience has now abundantly proved, both 
on the southeastern and northwestern ends of this cres- 
cent that its soils are capable, when rightly managed, of 
producing large quantities of potatoes of very excellent 
quality. This crescent has a mean width of not less than .40 
and a length of fully 180 miles; and l>esides this tract 
there are three other isolated areas of considerable mag- 
nitude of the same general nature in the northern part of 
the state, and to which the remarks of this paper will apply 
when these lands are brought under cultivation. There are 
also very many much smaller and more isolated but widely 
scattered areas which are in a degree subject to the same 
conditions, but being surrounded by heavier soils and ranker 
growths of vegetation their fields are less injured during 
dry windy times than are those of the larger tracts referred 
to. 

OBSERVATIONS ON THE DESTRUCTIVE EFFECTS OF WINDS ON 
THE LIGHTER POTATO SOILS OF WAUPACA, PORTAGE AND 
WAUSHARA COUNTIES. 

On the seventh of May the writer had occasion to go to 
Plainfield to make preparations for an experiment on the in- 
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fluence of deep and shallow cultivation on com. There had 
been what was described as a very heavy fall of rain on 
the 5th and 6th, but on the 7th it was clear and cold and 
the wind was blowing? strong from the northwest. During 
this and the following day, in spite of the preceding heavy 
rain, the fields about Plainfield, arid Almond in the adjoin- 
ing county, drifted very badly. On the morning of the 
8th the drifting had gone so far that on many fields at 
both places the loose soil with which oats were cov- 
ered, whether with seeder or with drill, had been 
driven from the fields to such an extent as to leave the 
kernels of grain entirely exposed, the plants lying flat upon 
the ground hanging by a few roots and whipping in the 
wind. 

On many other fields, where the drifting had not been so 
bad, the oats, which at the time were about 3 inches high, 
had been cured like hay down close to the ground, and 
even the leaves of the dock sorrel which chanced to be 
growing with the oats were blackened and so dry as to 
crumble in the hand. Very many of the blades of oats 
were broken squarely across close to the ground and pre- 
sented an appearance which suggested to the farmers the 
idea that they had been cut off by the drifting sand. The 
blades were not, however, cut entirely off, but rather they 
were so badly broken as to bend at a sharp angle at the in- 
jured place, allowing the blade to lie fiat upon the ground. 
It was also observed during this first visit that wherever a 
field lay to the leeward of any sort of shelter the bad effects 
of the wind were either not apparent or else they were very 
much reduced; and, in view of the fact that a general effort 
is at present being made to clear out all trees and especially 
groves so as to produce large open fields, it seemed advis- 
able to make a careful study of the infiuence shelters of 
various sorts had exerted upon the fields during the winds 
of the present season, and so, under Prof. Henry^s direction, 
the work was taken up at Plainfield on May 29th and four 
days given to a careful study of the existing field conditions 
for a radius of 3 miles about this place and about Almond 
in Portage county. 
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The observed facts are here briefly recorded, mainly in 
the order they were noted, to show the extent of injury 
which did result from winds under the present system, and 
to show what improvement may be hoped for under the 
system to be proposed. 

1. A field of clover, seeded last year, shows a much 
thicker stand and better growth on the east side of a board 
fence for a distance varying from 20 to 40 feet. 

2. On a Seld of hilly ground sowed to oats in drills north 
and south, the hollows and hill sides have suffered much 
less than the summits, and the eastern slopes are in far 
better condition than the western and southwestern sides. 

3. Lying to the eastward of a field of clover, seeded last 
year, is a piece of oata seeded to clover, and here the catch 
is very much better close to the grass, and is evidently so 
as far out in the field as two rods. 

4. A north and south road fenced with wire and two rods 
wide has scattering trees from ten to eighteen feet high 
together with a scanty growth of hazel on both sides. To 
the east of this is a field of oats badly damaged by the 
winds at a distance from the shelter, but a strip two rods 
wide adjoining that seems wholly to have escaped injury. 

6. From a field of oats to the west of the last the sand 
has drifted into the road until it has a mean depth of perhaps 
twelve to eighteen inches and in places it is fully thirty 
inches deep. Sand has even stopped out in the field to the 
westward for a distance of ten to twenty feet so as to en- 
tirely bury the grain, and this too is a coarse sand which 
the wind has rolled along the surface after carrying away 
all of the finer and more essential portion. 

6. The western field referred to in 5 lies to the east of a 

piece of timothy in which there is a large growth of dock 

' along the whole western side of this oat field for 

) of fully 300 feet there is a good stand, while the 

If, thirty rods in width, is almost wholly blown 

should be said, however, in this connection that 

1 rises eastward and that the character of the soil 

imewhat, and to these facts a part of the strong 

due. 
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7. In the grass field referred to in 6 the stand is very 
much better and the growth more rank on a strip 20 feet 
wide on the north side of a rail fence than it is farther 
away, and the same thing is true on the east side of another 
rail fence, though the contrast is not as marked. 
;. 8. Another field of oats, having grass to north and west 
of it, has a>trip of apparently uninjured grain 100 feet wide 
adjoining the grass, and in the northwest corner the pro- 
tected area has a width of fully 200 feet as shown in Fig. 29. 
Pigs. 30 and 31 show the condition of the ground on July 
17th. 



CiPA<S^ 



( 6RA<S<S 




DoCK .SoCfteL 
Cl/T roR CLoV£-R 
LAST ytAR. 

OAT<S 

' » • * V V * 
V * » » » " 

* « *i </ V * I 

(Fia. 80.-rShowing protected area 100 feet wide to the east and 75 ft. wide to the south of 

grass fields and rail fences. 



9. A field of oats lying to the northwest of the last has 
been so thoroughly ruined by the wind that fully five-eighths 
of it has been harrowed over again to fit it for potatoes, 
but along the south margin of the field, for a distance of 
150 feet from a rail fence, the stand of oats is very good 
and they have not been disturbed, and on this strip the oats 
improve in quality the closer the fence is approached. 
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There was a piece of grass on the west of this field at the 
time of the wind, but which has now been plowed, and 
along the margin of the grass, for a distance of 200 feet, the 
quality and stand of oats is much better than farther away; 
and the same fact is observed regarding another field of 
oats lying to the east of a close fed level pasture free from 
trees and shrubs. 

10. On May J: 0th I examined the country to the southeast, 
south and west of Plainfield, and in the first field of oats, 
which had a piece of clover and timothy against it on the 
west, and a field of woods 60 rods still farther to the west, 
the catch of clover is excellent on a belt 200 feet wide along 
the grass, but farther to the east there is scarcely a clover 
plant to be seen and the Dats here are very much injured. 
It should be noted, however, that, this field rises gently to- 
ward the east along its northern half where the oats are 
most^irijured, and this difference in topography is probably 
in part the cause of the greater destruction there. The 
southern half of this field of oats is on new ground against 
which, on the south, there is a heavy growth of trees in a 
wide grove, and here there is a fair stand of clover through- 
out, but the catch is better on the west side, and 
yet on this section the ground does not rise toward the east 
as in the case to the northward. 

11. A level field seeded to clover and timothy last year 
is bounded [on the north by a road and a strip of woods. 
Here the clover has a much thicker stand and ranker growth 
in a belt along the north side than it has to the southward. 

12. I notice everywhere that .even small differences in 
topography exert a marked influence on the stand and 
growth of clover which is one or two years old, the clover 
being best in the depressions and poorest on the higher 
ground even when the difference in level may not be greater 
than tvw) or three feet. 

13. The southern half of field 11 has been plowed this 
spring because there was so poor a stand of clover upon it, 
but across the east end, adjoining a strip of grass and hazel 
the clover is good for a width of twenty feet, and this por- 
tion has been allowed to stand. 
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14. Another piece of seeding now two years old and 
which was cut last year for clover seed has a width north 
and south of thirty rods and a length four times as great. 
Lying to the north of this field is a piece of wild land which 
has been covered with small scattering trees, but which the 
present year has been plowed. The grass field in question 
slopes gradually southward and in a strip along the 
northern margin from 120 to 180 feet wide, there is now a 
fair stand of clover, while to the southward only timothy 
is to be seen except in the slight hollows which occur here 
and there. 



vtRy PooQ, 
pasture: 




¥ » » ► , » y- 



OATS VtRy/X^V/Ch INlUReD A/NDrfo CLoVfcR. 



• ^0 



' ' ' ' ' T -^ Hi 1 % 



PA^ri/RtWlTM LOW 
^SCATTtRine^HRUB*. 
AVoSTiy DLACKQAK 




FiQ. 83.— Showing the protected areas as described in paragraph 16, 

The western end of this field has a strip of unbroken land 
joining it but upon which there are no trees; here a stand 
of clover nearly as good as that noted on the north side, 
stretches entirely across the piece and having a width of 
perhaps 75 feet. 

15. I come next upon a field of oats, sowed with a drill 
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and seeded to clover, which has the form and surroundings 
indicated in Fig. 33. The greatest length of this field from 
east to west is about 80 rods and from north to south 120 
rods. The margin in which the clover has not suffered, 
seriously is about two to six rods wide and has the greatest 
width where in the figure the designation is *'best catch 
of clover.^* 

16. I cross now the nearly level and unreclaimed lands to 
the southeast of Plainfield on which there is at present 
only a scanty grow^th of small oaks with insuflBlcient grass 
to cover the soil. On this tract plans are being made to 
clear large fields for potato culture. 

17. A field in this tract, 600 feet wide from north to south 
and 800 feet long has been cleared and sowed to spring 
wheat, but it has drifted so badly that on the eastern mar- 
gin are to be seen sand drifts ten to twelve inches deep, 
and this, too, when surrounded on all sides by unreclaimed 
lands. 

The west and north margins* of this field had received a 
considerable protection from the unreclaimed land as will 
be seen from an inspection of Fig. 34. 



. QRAlh QooD 




Fig. 34.— ShowiDfi: the effect of protection referred to in paragraph 17. 

18. Passing now to the southwest of Plainfield I come up- 
on a field of oats seeded to clover, which is 80 rods long by 
30 rods wide, and having the railroad on its east and a 
wagon road fenced with wire on the west. To the north of 
the east end of this field is another, also sowed to oats, bu 
of earlier seeding. Other surroundings of this field are in- 
dicated in Fig. 35. On the unshaded section the oats are 
practically all gone from both the earlier and later seeding, 
and on the light shaded section not more than 60 per cent. 
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of the oats are left and the clover is all gone. But on the 
heavy shaded area along the road and adjacent to the piece 
of sod, which was plowed after the worst wind, the oats are 
good and there is a fair catch of clover. 

WOODS 
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Fig. 85.— Showing the two fields and surrouodiii);^ referred to in paragraphs 18 and 19. 

The arrow indicates the direction of the wind. 

Along the railroad the sand has drifted upon the track 
12 inches deep, and along the wire fence which makes the 
southern boundary of the field, the sand has drifted until it 
makes a high ridge along the unshaded area, and this has 
the appearance of having been formed, in part at least, 
some time earlier than this spring. 

19. Another field lying to the west of the last has been so 
badly drifted that certainly less than 20 per cent, of the 
oats are left standing on xhe unshaded area, Fig. 35. This 
piece too shows evidence of having drifted badly under a 
southwest wind in earlier years, for all along the margin 
of the woods designated in the figure the sand has drifted 
high along the fence and the drifts extend fully 12 feet in- 
to the woods. Beyond this piece of oats very level un- 
broken fields stretch away to the southwest for a distance 
of more than one and a half miles. 

20. Lying still to the southwest of the last field is a 40 
acre piece of oats over large portions of which from two to 
three inches of soil must huve been completely swept away, 
so that these areas now have the appearance of being 
covered with a coarse sand and gravel soil. Pushing the 
surface sand away you come upon the usual sandy loam 
of the locality, and this makes it evident that the surface 
dressing of sand and gravel now to be seen is composed of 
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the coarse grains which are mingled with the ordinary soil, 
but which are left behind as the winds bear the finer grains 
away. 

This field has a piece of woods lying on its northern side, 
and south of this shelter for a distance of 150 feet there has 
been this year no drifting. 

21. A field of oats lying east of a field of corn stubble, 
unplowed, appears to have received much protection from 
it for the whole eastern half of the field is swept away while 
the western half still has a fair stand of grain, and this is 
better the nearer you approach the corn stubble. Portions 
of the corn stubble are thickly overgrown with dock sorrel, 
and to the leeward of these portions the oats are best. 
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Fig. 36. — Showing the protection afforded by groves referred to in paragraphs 21 and 25. 

The arrow indicates the direction of the winds. 



r 22. Two other fields lying, one east of corn stubble and 
the'other east of oat stubble overgrovsrn with sorrel, have 
each good stands of oats on their western halves while on 
the eastern halves the oats are all gone so that the ground 
is now bare. 

23. A field of winter rye now headed out and lying to the 
south of a piece of woods has a much thicker stand and 
better growth in a strip 30 feet wide along the margin of 
the woods. Here the rye is 6 to 8 inches higher than it is on 
other portions of the field. 

24. Coming next to a field of oats some 60 rods from eafet 
to west and 30 rods north to south, lying east of a piece of 
woods, we find its whole eastern two-thirds so completely 
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Fio. 37.— Bhowina sBod drifted Cram a flpid of Jtra 



Fio. SB.— SbowliiE the srove lotlueDclDg tbe rat« of eiaporatloa recorded on page HO. 
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Fio. 10.— Looting east acroga tbecornfleld oTHk. 19. betireea gusts oF wind. 
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Fig. 41.— BboirlDK the nature a[ the surface ot tb« drifting cornflfld of flgs. SO and 40. 



Fia. 4t!.— SbowlDgthe oature of tfan nirlaci 
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ruined that it is scarcely more than a naked field while the 
western third is fresh and green. 

25. Another piece of oats seeded to clover and lying on 
the south side of a wooded pasture has a length of 80 rods 
from east to west, but a width of only 15 rods; this field is 
fresh and green throughout its whole extent and has a good 
catch of clover but the catch is best and thickest in a strip 
tnree rods wide along the wooded pasture. This field is re- 
lated to the last as indicated in Fig. 35, the two corners 
being not more than 10 rods apart, and both the topography 
and soil identical so far as the eye carl see. 

26. An 80 acre field with its long axis north and south, 
lying west of Plainfield, has suffered worse than any yet 
visited. The southern two-fifths of this field had been 
sowed to oatei and seeded to clover and the northern two- 
fifths had been seeded to clov^er alone; between these two 
fields was a piece of seeding of three years' standing which 
was being plowed for potatoes. The only green thing left 
on the two portions of this field was a small patch of oats 
sheltered by the farm buildings and a field of grass back of 
them, which together occupied the southwest corner of the 
eighty. A lane about two rods wide fenced with two 
boards below and wire above and lying along the east side 
of the field is drifted full of sand to the level of the top of 
the boards. The exceptional force of the wind here is due 
to the fact that a wide stretch of level, open and treeless 
fields extends for a long distance to the westward. 

27. Another field lying to the east of the last and longest 
from east to west is entirely swept clear of its crop of oats 
except on its western end where it was slightly sheltered 
by the fences of a narrow lane, and two other fields, ly- 
ing still farther to the east, have been similarly devastated, 
each having grain remaining only on the western end. 
Fig 36 is a photo engraving showing sand drifts formed in 
this locality. 

28. Passing now to Long Prairie in the vicinity of Al- 
mond, Portage county, it may be said in general for thi 
section that while the effects of the wind have not been as 

20 
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•bad as they have been about Plain field yet here, even on 
the fields having the best soils in the best condition, the 
destructive effects are very evident and especially upon the 
seedings of clover. 

In a 40 acre field bounded on the north by 40 acres of 
woods a strip 100 feet wide of spcond or third year seeding 
to timothy and clover has been held in grass, while the rest 
of the field is sowed to oats and wheat mixed. On this strip 
of grass all the clover has been killed out except in a belt 
35 feet wide close to the woods, showing that in some man i 

ner, here as well as at Plainfield, the shelter of the woods 
has a marked influence upon cJover. Out in the field the 
grain has been much injured by the winds, the eastern half | 

of the field being damaged much more than the western \ 

half. 

20. In another field lying east of one not plowed at the 
time of the wind and which has a board fence on its west 
there is a very marked difference in the stand of both oats 
and clover to which the piece was seeded. Certainly not 
more than 50 per cent, of the oats remain on the eastern 
two-thirds and almost no clover, while on the western third 
the stand grows gradually better as you near the fence 
where both are in good condition. 

30. In another field seeded last year to clover and at the 
present time in pasture the stand of clover is much better 
in a strip along the fences on all sides; and in an adjoining 
field seeded two years ago to clover, lying east of a road, 
fenced on both sides* with boards, the clover is all gone ex- 
cept in a strip two rods wide along the road. Still another 
field, joining the last on the north and lying east of a three 
board fence, has no clover except in a belt from 16 to 20 feet 
wide along this fence. 

31. The next three fields visited were sowed to oats and 
fieeded toclov^er and each field was bordered on the west bv 
pieces of grass. The soil in each of these fields is hevier 
than usual, slightly lumpy and the drifting had not been 
enough to cover up the drill marks which extended north 
and south. On these three fields I counted the number of 
young clover plants on equal areas at different distances 
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from the grass lands with the results given in the tables 
below. The seeding of the first two fields was light and 
the last very heavy. The method of counting was to meas- 
ure off 20 paces and then count the number of clover plants 
between three drill rows in that space for the two pieces of 
lighter seeding and between two drill rows on the piece of 
heavier seeding. 



Table showing the catch of clover at varying distances to the eastward of 

grass land. 



Field No. 1. 



First count... 

Second count 

Third count. 

Total . . 



At 50 feet. 



187 plants. 
209 plants. 
187 plants. 



At 200 feet. 



At 400 feet. 



120 plants. 88 plants. 



574 plants. 



139 plants. 
181 plants. 



890 plants. 



75 plants. 
68 plants. 



231 plants. 



Field No. 2. 





100 feet. 


200 feet. 


400 feet. 


600 feet. 


800 feet. 


1,000 feet. 


First count 

Second count 

Third count 


77 plants. 
73 plants. 
99 plants. 


55 plaats. 
109 plants. 
113 plants. 


48 plants 
78 plants. 
7 i plants. 


67 plants. 
66 plants 
56 plants 


51 plants. 
54 plants. 
80 plants. 


27 plants. 
11 plants. 
10 plants. 


Total 


249 plants. 


277 plants. 


193 plants. 


189 plants 


138 plants. 


48 plants. 



Field No. 3. 



First count... 

Second count 

Third count.. 

Total 



60 feet. 



877 plants. 
382 plants. 
871 plants. 



400 feet. 



166 plants. 
209 plants. 
225 plants. 



700 feet. 



1130 plants. 600 plants 






203 plants. 
180 plants. 
160 plants. 



543 plants. 



These figures appear to show that the catch of clover 
tends geneally to decrease as you progress eastward across 
the fields and that it is best on the western margin nearest to 
the grass. When it is borne in mind that these fields had 
not drifted, the natural inference is, that the diminishing 
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stand of clover as you pass eastward across the fields must 
have been due to an increasing drying action of the winds 
which caused most of the plants to wither, and these specific 
observations are in harmony with most of the facts recorded 
regarding the preservation and destruction of fields of 
grain. 

32. The next field visited lies to the north of an east and 
west belt of trees a mile or more in length, from eight to 
fifteen rods wide and in which the trees attain a heighth of 
thirty to fifty feet. It is on the south side of this wind 
break at a distance of forty rods that field No. 3, just re- 
ferred to, lies, and to it, in my judgment, the very excellent 
stand of clover there noted is partly due. The field now 
entered has a width of sixty rods from east to west; and 
while there is a thick stand of clover in the oats for a distance 
of three rods to the east of a slight hazel hedge along the 
fence, beyond this there is scarcely a plant to be seen. 
This field slopes very gently to the northward, and as the 
northern margin of the field is approached more clover 
plants are seen and the stand becomes fair again along the 
north side. 

33. To the northeast of the last is a very large field sowed 
to oats, broadcast, and seeded to clover. Here the catch of 
clover over the whole field is very poor, but there can be no 
question about the stand being better near the east margin 
of grass fields and along both the east and south sides of 
fences even when these are wire and have only a narrow 
strip of blue grass along them. In the northwest corner of 
this field is a piece of old seeding in which the only clover 
to be seen is found in a strip two rods wide along the 
fences. 

34. In a field to the west of this last is a similar piece of 
old seeding in which all grasses are better along the fences 
on the north, west and south, and the only clover plants to 
be seen are in a marginal strip from 4 to 6 rods wide along 
these fences, and the same remarks apply to still another 
field where a belt of clover is to be seen on the south and 
east sides of two fences. 

35. Traveling westward across a field of old seeding, 60 
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to 80 rods wide, not a single stool of clover is seen until 
within 12 rods of the western side where there is a fence 
composed of two boards at the bottom and three wires 
above, and here there is a stool of clover on the average 
every 10 feet square. 

INFLUENCE OF WOODS, GRASS-FIELDS AND HEDGE- ROWS ON 
THE RATE OF EVAPORATION AND AMOUNT OF MOISTURE IN 
THE AIR OVER FIELDS TO THE LEEWARD OF THEM. 

An effort was made, by direct experiment, to measure 
the influence of woods, grass fields and hedge rows on the 
rate of evaporation at different distances to the leeward of 
them on clear bright days. 

Influence of woods on the rate of evaporation to the lee- 
ward, — To study the rate of evaporation at different dis- 
tances from groves, six evaporometers were used made 

after the plan of the Piche evaporometer but with the eva- 
porating surface much larger while the graduated tubes 
were the same size, the object being to make the instru- 
ments more sensitive. 




Fig. 48.— Showing the modification of tha Piche evaporometer as exposed in the field. 



Fig. 43 represents the instrument. Sheets of chemical 
filter paper were used as the evaporating surfaces; all from 
the same package and having a diameter of 5.9 inches; this 
gave an area, after deducting that covered by the grad- 
uated tube, of 27.06 sq. in. 
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The first experiment was made to the northwest of Plain- 
field on a piece of ground planted to corn, lying to theBouth 
of a grove of black oaks having a mean height not far from 
12 to 15 feet, At the time there was a gentle breeze from a 
little west of north. The instruments were all suspended 
at a height of one foot above the surface of the ground and 
unsheltered in any way from wind or sun, and in the first 
trial they were placed at intervals of 20 feet along a line at 
right angles to the south margin of the woods. * The amount 
of evaporation at the six stations between 11:30 A. M. and 
12:30 P. M. is given in the following table: 

At station **A" 20 feet from woods the evaporation was 11.0 cc 

At Station "B" 40 feet from woods the evaporation was 11 .1 cc 

At Station "C" 60 feet from woods the evaporation was 11 .3 cc 

At Station "D" 80 feet from woods the evaporation was 11.2 cc 

At Station "E" 100 feet from woods the evaporation was 11 .9 cc 

At Station "F" 120 feet from woods the evaporation was 12.9 cc 

These results show that there was very little difference 
in the amount of evaporation between 20 feet from the 
woods and 100 feet, but at 120 feet away the evaporation 
was 1.9 cc more in 50 minutes than it was at 20 feet from 
the woods, or a difference of 17.2 per cent. 

Three of the instruments were now set farther out in the 
field and then the results stood as below : 

At Station "A" 20 feet from woods the evaporation was 1 1 .5 cc 

At station "B" 40 feet from woods the evaporation was n.6cc 

At Station "C" 60 feet from woods the evaporalion was 11 .9 cc 

Sum 35 

At Station "D" 280 feet from woods the evaporation was 14.5 cc 

At Station "E" 300 feet from woods the evaporation was 14.2 cc 

At Station "F" 320 feet from woods the evaporation was 14.7 cc 

Sum 43.4 

These are the amounts of evaporation in one hour and 
they show that the difference between 20 to 60 feet from 
the woods and that between 280 to 320 feet, was 

43.4—35.0=8.4 cc. 

and this is 24. per cent, greater evaporation at the three 
outer stations than at the three inner ones. Fig. 38 shows 
the grove against which the observations recorded above 
were made. 
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On May Slst another trial was made in the town of Al- 
mond, to the south of an oak grove 80 rods square, in a 
field sowed to oats and wheat mixed. Here the first in- 
strument was placed 20 feet from the margin of the grove, 
the second 100 feet distant, the third 200 feet, etc. The 
first two instruments stood upon ground seeded last 
year to clover and timothy, but only timothy was growing 
where the second instrument stood. The grain upon the 
field had a fair stand where the observations were made 
and was about four inches high. There was at the time a 
fair wind from nearly due north and the day was clear. 
As in the former trials the evaporometers were suspended 
at a height of one foot above the ground and were un- 
sheltered in any way. The following table expresses the 
results obtained: 

At Station "A,'^ 20 feet from woods, the evaporation was 11 . 1 cc 

At Station **B/^ 100 f^t from woods, the evaporation was 14.3 cc 

At Station •*C," 200 feet from woods, the evaporation was 15.7 cc 

At Station "D." 300 feet from woods, the evaporation was 18. 6 cc 

At Station "E," 400 feet from woods, the evaporation was 18.5 cc 

At Station *'F," 50J feet from woods, the evaporation was 18. 3 cc 

From this table it will be seen there is an increasing 
amount of evaporation until 300 feet from the woods is 
reached and that beyond and including this the rate is 
practically the same, but at 300 feet the evaporation is 17.7 
per cent, greater than at 200 feet and GG.6 per cent, greater 
than at 20 feet from the woods. 

Influence of a hedge row on the rate of evaporation to 
the leeward. — On May 30th three of the instruments were 
set up to the south of a very scanty hedge row, consisting 
of a strip of blue grass sixteen feet wide in which there are 
scattering black and burr oaks from six to eight feet in 
height, with a few attaining a height of 12 feet. This 
hedge has very many open gaps in it, and the first instru- 
ment is set up behind a clump of six trees, spanning a 
length of forty feet, there being a gap of nearly the same 
width on both sides of it. To the north of this, in the di- 
rection from which the wind was blowing, there is a broad 
naked field being planted to potatoes, which has a width 
of about eighty rods, while the instruments hung over a 



• 



312 Eleventh Annual Report of the 

field of oats in which the grain was about four inches high. 
After the instruments were set up it became cloudy and 
sprinkled a very little, at times, the wind being from a 
little east of north, rather strong £.nd chilly. Here again 
the instruments hung one foot above the surface, and the 
results obtained are given below. 

At StHtiou "A,"" 20 feet from hedge, the evaporation was 10. 3 cc 

At Station "B,""" 150 feet from hedge, tbe evaporation was 12.5 cc 

At station "C," 300 feet from hedge, the evaporation was 13.4 cc 

Here it will be seen, the evaporation at 300 feet from the 
hedge row was 3.1 cc, or 30.1 per cent, greater than at 20 
feet distant, and at 150 feet the difference was .9 cc, or 
7.2 per cent, less than at 300 feet. It is evident enough, 
therefore, that even such a hedge row does exert an in- 
fluence upon tbe rate of evaporation which is readily meas- 
ured. 

Influence of a clover field upon the rate of evaporation to 
the leeward of it, — At the same time the last experiment 
was being conducted, three other instrum^ents were set up 
to the leeward of a field of clover whose dimensions were 
360 feet from east to west and 7 80 feet from north to south; 
the evaporometers hanging above the same field of oats. 
Below are the results obtained here: 

At Station "A," 20 feet from clover, evaporation was 9,3 cc 

At station "B," 150 feet iroin clover, evaporation was 12.1 ec 

At station "C," 300 ft et from clover, evaporation was 13.0 cc 

Here again there is a very evident influence exerted up- 
on the rate of evaporation at different distances from the 
field of clover, the evaporation at 300 feet away being 

13.-9.3 = 3 7 cc 

or 39.78 per cent, greater than at 20 teet away, and 

13. —12.1 = .9 cc 
or 7A4: per cent, greater than at 150 feet away. 

It will be observed, too, that the rate of evaporation at the 
three stations to the leeward of the hedge row where the air 
came a long way across the naked potato ground was 
greater in each case than it was from those to the leeward 
of the clover field, the differences being as given below: 
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Station A, 
20 feet. 


Station B, 
15U feet. 


Station C, 
300 feet. 


Hedfire-row 


10.3 
9.3 


12.5 
12.1 


• 

13.4 


Clover field 


13.0 






Difference 


1.0 


.4 


.4 









That is to say, the rate of evaporation over the oat field 
where the air crossed the naked ground and passed through 
the hedge row was 10.8 per cent, at 20 feet, 3.3 per cent, at 
150 feet and 3.1 per cent, at 300 feet greater than it was at 
corresponding distances to the leeward of .the clover field. 
Now these results are in complete accord with nearly every 
one of the observations recorded on the preceding pages 
where the best stand of grain, grass and clover are found 

to the leeward of woods, hedge rows, grass fields and 
shelters of other sorts. 



THE EFFECT OF WOODS AND GRASS FIELDS UPON THE AMOUNT 
OF MOISTURE IN THE AIR AT DIFFERENT DISTANCES TO THE 
LEEWARD OF THEM. 

At the same time the observations just recorded were 
made and in the same localities, readings of the wet and 
dry bulb thermometers were taken as an indication of the 
amount of moisture in the air at different distances to the 
leeward of the shelters in question. 

The readings taken at the two groves described above 
are given below and were made with two thermometers of 
Henry J. Greenes make which are graduated to tenths of a 
degree centegrade. The observations were made in the 
open air after swinging the thermometers rapidly to and 
fro at arm's length one minute at a height of three feet 
above the surface of the ground. The results here given 
are the means of ten readings taken alternately thirty feet 
and 300 feet to the leeward of Grove 1 and in regular ro- 
tation at Grove 2. 
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Tabie shotcing the amount of moisture in the air to the leeward of two 

groves. 

At Grove 1. 



Distance from Grove. 



At 30 feet. . 
AtaOOfeet. 



■ • • • 



At 20 feet 
At 100 feet . 
At 200 feet 
At 300 feet 
At 400 feet 
At 500 feet 



Me&o dry . Mean wet 
bulb read- bulb read- 
ings, degrees ings, degrees 
F. F. 



65.32 
63.8 



Dew point. ^]tA^^ J^' 
degrLF.'|«^^<*J2;t'^' 



49 46 
47.35 



At Orove 2. 



30 
27 



27 
24 




This table shows that the amount of moisture in the air 
in general decreases as you recede from the grove until 
about 300 feet is reached, and this of course should be ex- 
pected from the variations in the rate of evaporation which 
have been recorded; the rate of evaporation, however, de- 
pends in part upon the velocity of the wind, and this too 
must increase as the distance from the grove increases up 
to a ceitain limit. The chief value of the data given in the 
last table lies in the confirmation they give to the general 
proposition that groves do exert an influence on the mois- 
ture of the air to the leeward of them, which is readily- 
measured. 

On the date at which the rate of evaporation was studied 
to the leeward of the hedge row and clover field the wet 
and dry bulb thermometers were also read at the south 
edge of the clover field and also on the potato field just 
before the air passed through the hedge row, and below are 
given the means of these readings together with the dew^ 
points and relative humidity in each case. 
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On edge of clover 

On edge of potato field 



Dry bulb. 


Wet bulb. 


Dew point. 


62.48'»F. 
63.24*' F. 


43.97« F. 
48.57«> F. 


35 
31 



Relative 
humidity. 



48 
44 



Here, too, the clover field, which was giving moisture to 
the air moving over it, was pouring out enough more than 
the naked field by the side of it to be readily indicated by 
this method of observation, and I have no doubt also to in- 
fluence growing crops on these soils at such, critical periods 
as are here under consideration. 



MEANS OF PREVENTING THE DESTRUCTIVE EFFECT OF WINDS. 

The field observations here presented and the experi- 
mental data obtained make it very certain that such des- 
tructive effects as have this year been experienced in Wau- 
shara and Portage counties can be prevented in the future 
in a very large measure, and this, too, by simple and com- 
paratively inexpensive measures. It is the purpose now to 
briefly outline some of these: 

1. Frequent rotation in long, narrow lands. — The fact 
that large fields, other conditions being the same, have suf- 
ered this year much more than smaller ones; the fact that 
woods, grass-fields, hedge* rows, fences and even stubble 
fields have offered a marked protection to both clover and 
spring grain when growing to the leeward of them, when 
coupled with the fact that groves, grass-fields and hedges 
do exert a measurable influence upon the rate of evapor- 
ation to the leeward, make it practically certain that if the 
light soils here in question are cultivated in long narrow 
lands not wider than 15 to twenty rods, alternating with 
similar strips of grass, which if possible should be largely 
clover, such destructive effects as were this year ex- 
perienced could hardly be repeated — certainly not in as 
much as one quarter of the intensity. 

Long continuous fields of dry, naked, sandy soil, in hot 
weather have a peculiar effect upon the air currents sweep- 
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ing across tnem. The sand itself becomes very hot and 
greatly expands the air coming in contact with it, mak- 
ing it relatively lighter than the colder much more rapid 
current of air sweeping along above, and the result is, the 
warm air suddenly blisters, as it were, and being lifted 
from the ground, a cold current of rapidly moving air from 
above strikes obliquely upon the surface, raising a cloud of 
fine dust into the upper swifter current in which the parti- 
cles are borne away, while the coarser grains are rolled 
along the surface until the air is slowed down by its friction 
upon the ground. This air coming down from above has a 
peculiar parching effect, too, for it is naturally dryer than 
the ground air and striking the hot soil its parching power 
is greatly augumented by the heat it so receives. 

Grass covered surfaces and damp soils do not become 
overheated as the dry sands do, and the result is, during 
windy times, the air moves across them in a more steady 
and less turbulent manner. These being the conditions, it 
is evident that by cultivating the sandy soils in question in 
alternate narrow strips, with grass between, the first effect 
will be to lessen the turbulent character of the surface 
wind, and then when the **blistering^^ referred to does oc- 
cur, it is most likely to take place near the windward edge 
of the grass strips, so that when the rapidly moving upper 
current comes down with its oblique trust it is likely to 
either strike first upon the grass or else to pass quickly up- 
on it where, instead of being heated and rendered more 
parching, it will become more moist, and at the same time 
cooler before passing upon the next naked strip. 

In whatever direction the narrow fields are made to ex- 
tend, they must have a tendency to counteract the liability 
to drift, but the fact that the observations in the many 
fields examined show the best stands of both old and new 
seedings to clover, and the best stands of spring grain are 
to the east and south of shelters of all sorts, and especially 
to the east of grass fields, hedge-rows and groves, makes it 
appear that, generally, it would be better to extend the 
fields north and south rather than east and west. The 
^general fact, too, that winds which come to this section 
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from a direction to the west of a north and south line are, 

usually, more drying, stronger, and of longer duration than 

those which come from the south of an east and west line, 

also indicates that in most localities the strips should pref- 
erably extend north and south. 

The diflBculty of cultivating corn and potatoes in rows 

both ways should have no weight against the handling of 

long narrow fields, because the extreme ease with which 

the soils in question are worked and the perfect safety in 

cultivating them almost immediately after even heavy 

rains, make it possible, when the method is understood and 

the habit fixed, to tend both corn and potatoes with much 

less labor when rowed only one way. 
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Fia. 44.— Showing plan of rotation to avoid drifting. 



There are so many individual conditions which enter into 
the general problem of rotation that it is not practicable to 
devise a general plan which would be applicable in individ- 
ual cases except in particular instances. It will be helpful 
however, to consider a plan that could be adopted under cer- 
tain conditions by way of suggestion, and with this in view 
Fig. 44 represents 160 acres of land lying in a square, which 
has been divided into narrow fields, north and south, with 
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the farm buildiDgs at A. In this case it is assumed that 
only a small amount of stock will be kept and that potatoes 
are the chief crop. It will be seen that the quarter section 
is practically thrown into 20 acre fields each 20 rods wide 
and 160 rods long, but that all of the fields are divided 
crosswise in the center by a roadway or lane. On the east 
side where the farm buildings are located two of the fields 
are thrown together for pasture purposes and these form a 
system of rotation by themseWes, while the remaining ones 
form a. second system. 

The aim of this rotation is to always have in the spring 
a field of grass to the west of those which are to be sowed 
to grain and seeded to clover, and this is secured by always 
planting potatoes or corn on clover sod, for the latter go- 
ing in later in the season allows the clover to stand as a 
protection while the grain is getting started when the most 
serious damage is done and at the same time furnishes a 
green manure to olo w in to increase the humus of these soils, 
in which they are naturally so deficient. The pasture rota- 
tion contemplates a strong windbreak along the west side 
as a permanent protection which may allow these fields to 
have a greater width so as to avoid having so much fence. 

It will be seen that this system of rotation may also be 
applied to 80 acres by having 10 acres always in pasture in- 
stead of 20 acres. So, too, it could be applied to 40 acres by 
having 5 acres always in pasture. 

In the table below are given the number of acres which 
could be devoted to the several crops each year: 





160 Acres. 


80 Acres. 


40 Acres. 


Crop. 


1st Year. 
40 


2d Year. 


1st Year. 


2d Year. 


Ist Year. 


2d Year. 


Potatoes 


30 


20 


15 


10 


7.5 


Corn 


20 ! 10 


10 


5 


5 


2.5 


Clover .. 


40 


40 


20 


20 


10 


10 


Grain 


40 


60 


80 


90 


10 


15 


Pasture 


20 


20 


10 


10 


5 


5 
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Of course this assumes no waste land and does not take 
into the account the land occupied b}^ the farm buildings 
or fences. 

2. Increasing the water holding power of the soil, — It is 
the small water-holding power of these soils' which is at once 
the cause of this drifting, and the extreme diflSculty in get- 
ting and maintaining a good stand of clover, and it should 
never be forgotten that the more these fields are allowed to 
drift the less their water-holding power becomes and the 
greater the tendency to drift in succeeding years. When 
the strong winds are on and drifting occurs the finest of the 
fine particles are lifted high in the air and borne perman- 
ently away, only the coarsest of the fine particles falling 
in the woods and sheltered places of adjacent fields; and 
yet it is the finest particles which are by far the most im- 
portant in increasing the water holding power of the soil 
by giving a broad surface to which the water may adhere. 
This will be readily understood from what follows: Take 
a spherical pebble L inch in diameter; it will just slip inside 
a box one inch on a side and will hold a film of water 3.1416 
square inches in area. But taking pebbles .1 inch in diam- 
eter and 1,000 of them, having an aggregate surface area 
of 31.416 square inches, will be contained in the same cubic 
inch. If, however, the soil particles are all spheres .01 of 
an inch in diameter there, may be placed in a cubic inch 
1,000,000 of them, and their aggregate surface area will be 
314.16 square inches. 

Supposing again the soil particles to be spheres all having 
a diameter of .001 of an inch it will requere 1,000,000,000 of 
them to fill the cubic inch and the aggregate surface of these 
will be 3,141.59 square inches. The finest soil particles do 
have diameters which are Tess than .00001 of an inch and 
the number of these per cubic inch is one billion million, 
having an aggregate surface of 314,159 square inches, equal 
to 2,181 square feet, or about one-twentieth of an acre. 
Now when it is remembered that the water which the roots 
of plants use is, in a very large degree, that which simply 
adheres to the surface of soil grains, the importance of a 
large soil surface can be appreciated and also the great 
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need, on these soils naturally so deficient in fine particles, 
of adopting such means as will prevent the fine dust from 
being carried away by the winds. Each time the 
field is plowed, each time the soil is stirred, more of 
the finest particles are brought to the surface where the 
winds may carry them away so that the natural tendency 
is for these soils, if allowed to drift, to become coarser, less 
able to retain water and more subject to drought. But this 
tendency brings in its train increased losses in three other 
important directions. The weathering action of moist clim- 
ates has a constant tendency to break down the stones, gravel 
and coarsest soil grains into the finest dust, but on open soils 
and especially where the subsoil is gravelly the heavy rains 
in their rapid percolation downward tend to carry these 
deep into the ground where they are lost to the agriculture 
of the present time, and jet it is these very particles which 
in all soils absorb and hold for the roots of plants the sol- 
uble substances so much needed. Then again in open soils 
like those in question, when they are allowed to become 
dry and hot the organic matter tends to completely oxidize 
and fail to form the dark humus which is so distinctive a 
feature of fertile soils in all humid climates. These being 
the facts it must be evident that whatever augments the 
drifting of these soils should be avoided, and that in hand- 
ling such soils as these factors and methods which would be 
insignificant on the heavier soils mu^t here be recognized as 
of great moment. I have found, for example, with columns 
of sand eight feet long and of five degrees of fineness, when 
filled with water and allowed to drain, that that which 
passed through a screen of twenty meshes to the inch and 
would not pass through one of forty, lost in twenty -four 
hours 65 per cent, of all its water; one which would pass a 
screen of forty meshes, but was held by one of sixty to the 
inch, lost 61.5 per cent.; a third which passed a screen of 
sixty meshes, but was held by one of eighty, lost 55.8 per 
cent; one which passed through a screen of eighty meshes, 
but was retained by one of 100, lost 38.2 per cent., while the 
one which passed through a screen of 100 meshes to the 
inch lost 29.2 per cent, in the same time. The coarsest sand . 
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here considered is about like that which is left on the fields 
where they have drifted badly, while the finest sample is 
more open than the natural undrifted soils of the region in 
question. 

The great advantage of farm-yard manure and of green 
manuring on these soils comes as much from the tendency 
which organic matter has of increasing the water-holding 
power so that the summer rains do not run away downward 
so rapidly, as from the other plant food which is supplied, 
important as that is. 

The plowing in o^ green clover and even of the dock sor- 
rel which comes up where the crops have failed helps to 
increase the humus and the water-holding powqr, and so to 
stop the drifting. The clover gathers large quantities of 
carbon from the passing air, which, when plowed in, be- 
comes the humus so much needed; the potato crop on the 
contrary gathers but little for its top is very succulent and 
contains little dry matt^^r. 

Frequent rotations then, such as have been suggested, 
are, on these soils, very essential, not simply to stop drift- 
ing through the protection offered by their mechanical ef- 
fects upon the winds, but because they offer the only practi- 
cable means of keeping the humus of these soils up to an 
economically productive standard. 

3. Leaving the ground uneven after seeding. — The 
smoother the ground is left after it has been worked the 
greater is the velocity of the wind close to the surface and 
the greater the velocity of the wind close to the surface the 
greater is its power to take up and carry away the soil 
particles. 

Measurements of the velocity of the wind made on rolled 
and on unrolled ground at the Station farm give the fol- 
lowing results: 
21 
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Surface velocity of air. 



Series l—Mean velocity per min 
Series 2— Mean velocity per mio 
Series 3~Meau velocity per min 
Mean 



On rolled 
ground. 


On 

unri'lled 

ground. 


688 feet. 
676 feet. 
899 feet . 


405 feet. 
Sl6feet. 
275 feet. 


571 feet. 


3.32feei. 



Difference. 



233 feet. 
860 feet. 
134 feet. 
WJ9 feet. 



Here it will be seen that the velocity of the air over the 
smooth ground was more than 40 per cent, greater than it 
was over the roui^h surface, aad this being true its power 
to dry the soil, to wilt and kill young clover plants and to 
pick up and carry away the fine particles of soil is much 
increased. 

While at Almond on May 31st there were two fields which 
were drifting badly under a moderately strong wind, and 
one of these the writer visited. This field had been planted 
to corn and when marking it the runners had cut so deeply 
into the soil as to allow the tv,p of the marker to smooth 
the suiface much as if it had been rolled and the field had 
not since been harrowed. A slight crust had formed over 
the smooth surface and the corn was from one to two inches 
high at the time. So great was the cloud of dust raised 
from this field by the northwest wind that, looking across 
it toward the east, not an object on the horizon could be 
seen, and Fig. H9 is from a photograph taken at the time, 
while Fig 40 is a view taken looking in the same direction 
across the same field after the cloud had subsided between 
gusts of wind. 

Adjoining this cornfield on the north and across which 
the same wind passed before reaching the drifting field was 
a piece of ground planted to potatoes, but with the surface 
left uneven and here no drifting was appreciable, and the 
same thing was also true of a cornfield adjacent to the field 
of potatoes which had been harrowed after planting. Figs. 
41 and 42 are photo-engravings which show the difference 
between the surfaces of the two fields, one of which was 
drifting while the other adjacent to it was not. It will be 
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seen that the coarse sand has drifted into the marker tracks 
in many places completely covering the corn, while the fine 
material which was associated with it has been swept 
away. On the other field no sign of drifting can be seen. 

While the drifting was in progress the writer had the 
owner hitch to his harrow and harrow a strip across the 
field, the effect of which was to stop the drifting at once 
wherever the soil was stirred. These observations indicate 
that sowing the grain with the drill north and south would 
have a tendency to lessen very materially not only the 
drifting but also the parching of the young clover plants, 
and that under most circumstances the surface of the fields 
should not be left smooth. 

I am told by Mr. Fred Frost of Almond that a farmer be- 
tween that place and Waupaca went over his grain fields 
with a heavy roller while they were drifting badly, and that 
he thinks it saved his crops. In the face of the facts here 
presented this statement appears strange and the surround- 
ing conditions and the character of the soil need to be 
known before it is safe to ascribe the saving of the crop 
to the rolling. However, in view of the fact that there had 
been so recent a heavy rain and, if this soil was especially 
loose and open, it is not impossible that the immediate ef- 
fect of the heavy roller was to bring enough moisture back to 
the surface, for the time, to counteract the drying effect of 
the greater velocity of the wind and to prevent the plants 
from being parched, but this experience should not be taken 
as a sa^e rule of action until the attendant conditions are 
better known. 

4. Clearing the wooded lands in north and south 
belts. — In view of the facts which have been presented it 
seems very evident that the wooded lands which are now be- 
ing so largely cut away in order to increase the acreage for 
potatoes ought, in part, to be preserved. Where the clear- 
ing is done it ought certainly, for the present at least, to be 
done in strips north and south, leaving belts as windbreaks 
to stop the drifting and to make surer a crop of the all-im- 
portant clover. The width of the wooded strips to be left 
as hedge rows would depend upon the character of the soil 
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and upon the width of the strips that are cleard; the 
lighter the soil is and the wider the cleared fields the broader 
the hedge rows should be. 

Where 80 acres or a quarter section is to be cleared the 
prudent thing to do would be to commence by dividing the 
whole into north and south lands not wider than 20 rods 
and to clear these, leaving belts a full rod in width, ac first; 
and because the destructive winds are occasionally nearly 
north or south, I should leave a hedge-row also along the 
north and south lines of the fields, but these not closer to- 
getner than every 80 or 160 rods. No serious mistake can 
be made in adopting this plan because it entails no mater- 
ial expense, and if after the trial is made it is found that 
the shelter is not of sufficient benefit to pay for the use 
of the land the trees which have been left standing may be 
taken out at any later time. On the other hand when the 
trees are once cut it will not only be expensive to replace 
them but will require years of time and care to do so. 

In the case of the smaller groves which are now left 
standing to supply the fuel or to be used as pastures for the 
time being, it seems to the writer much the better plan to 
cut out strips at intervals through these pieces and seed 
them to grass and clover if intended for pasture, or to crop 
them if that is desired rather than to do as many are now, 
clearing off a strip each year from one side of the woods, 
thus making the open fields broader and the woods nar- 
rower so that the force of the winds is made to increase 
while the shelter against them is decreased. 

The protection offered against the force of the winds is 
relatively greater by alternate narrow wind-breaks with 
fields between than by broad pieces of woods, and why this 
IS so will be ulidf^rstood from an inspection of Fig. 44. Every 
obstruction thrown across the course of air currents pro- 
duces a slackening of the wind movement and often a com- 
plete reversal of the direction of it, as indicated by the ar- 
rows in the figure; the air breaks against the trees on the 
windward side and the main current is thrown upward 
above the surface producing a region of slack or reverse 
movement even on the windward side, and thus the de- 
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struct! ve power of the wind is reduced, and hence narrow 
strips of wood left in parallel rows with fields eighteen to 
twenty rods wide between them, as has been suggested, 
will greatly reduce the force of the wind and lessen the de- 
structive drifting of the light soil. 




Fig. 45.— Showing the effects of wind-breaks on air currents passing across them. 



The planting of wind breaks. — The facts which have 
been observed and recorded in this paper regarding the 
protection offered by scanty hedge-rows, board and even 
half- wire fences make it evident that well developed wind- 
breaks especially in the prairie sections would offer very 
material protection if properly disposed, and if the seeding 
and rotation in narrow fields which has been suggested 
does not furnish the relief which is needed it may be found 
necessary to resort to them. Certainly the influence of 
those now standing ought to be observed with great care 
ana the destruction of them which is now going on ought 
to be stayed for the present at least. While I would not 
now urge the dividing of the broad open fields by lines of 
trees similar to those which it has been urged to leave when 
clearing the present wooded sections I do believe that no 
mistake would be made if on the prairies the section and 
quarter section lines were planted to them. The planting 
of trees along the roads has the objection that they tend to 
cause the snows to block them up in winter. To obviate 
this difficulty and to get the full advantage of the shelter 
from the trees the rows along the road should be planted 
far enough back on either side to permit the drifts of snow 
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to lodge upon the fields and to allow the snow covered 
strips between the trees and the road to be regularly culti- 
vated. While this method would obstruct the fields some- 
what, and take out of use more land than if the trees were 

« 

planted close to the road the advantages gained are likely 
to more than compensate for the losses. 

The Box Elder thrives naturally upon light soils, is a 
rapid grower, can be raised easily from the seed and on the 
whole is one of most promising trees for these soils, al- 
though the Jack Pine which is indigenous here would make 
an excellent wind break if the trees could be readily 
started. It seems a pity we have no perfectly hardy ap- 
ples which could be set along fences for they must be able 
to offer a very material protection besides yielding a crop 
of fruit. Our better varieties of native plums, like the 
Weaver and De Soto and Forest garden do produce choice 
fruit and they will grow in a close enough hedge to act 
as an effective wind break while they are claimed to be 
hardy. The English Filbert thrives upon light dry soils 
and grows naturally in hedges, but has never been tried 
here, although its natural geographical distribution would 
lead us to expect that it might thrive on these soils. 
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EXPERIMENTS IN STRAWBERRY CULTURE. 



E. S. GO PP. 



Our strawberries are grown on a light clay loam, well, though, 
not excessively fertilized with stable manure. The plants 
were set in the spring of 1892, and were permitted to form 
matted rows, as is common with the market growers of Wis- 
consin. Gooni culture has been given, and the plants have 
been well protected during the winter. The report here given 
is, except as otherwise stated, the average of two crops — of 
the crop of 1893 and 1894. The rows are fifty feet long, ex- 
cept as otherwise noted, and the plants were originally set 
two feet apart in rows three and a half feet apart. 

A test of varieties. 

No attempt has been made to make our list of varieties 
complete. Only those have been planted which seemed for 
some special reason to merit trial. A few have been tested 
that are not here reported, not being strictly comparable with 
the others. To avoid the use of tables, which to many readers 
are unsatisfactory, the comparative productiveness, the dates 
of maturity and length of bearing season are shown in the 
accompanying diagrams, wMch will be readily understood. 



828 



Eleventh Annual Report of the 



Warfield 

Enhance* 

Beder Wood* 

Parker Earle* 

Boynton 

Haverland 

Yale 

Park Beauty* 

Barton's Eclipse*... 

Lovett's Early 

D. and D 

Shiister's Gem 

Edgar Queen 

Aroma* 

Yankee Doodle* 

Mrs.Shep'd's No.2* 
Saunders 

Mrs.Shep'd's No.l* 
Beverly* 

Mrs. Cleveland*... 

Martha 

Standard* 

GreenvHle* 

Eureka 

Westla wn* 

Plow City* 

Gipsy* 

Gov. Hoard 

Gen. Putnam 

Hewitt's Seedling* 
Bubach 

Crawford 

Lady Jane* 

Middlefield 

Post's Seedl'g No. 1* 

Bessie 

Cyclone 

Van Deman 

Auburn* 

Phillips Seedling*. 
Michel's Early 

Gillepsie* 

Banquet 

Oliver 

Jessie* 



Fig. 46— Showing comparative yields of strawberries for 1898 and 1894.— The average of 
two crops. 



Rows 25 feet long, calculated to 50 feet. 
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Fio 47— Showing^ the f niitiDg season of the different varieties of strawberry. The dates 
appear at the top, and represent the average of two season's trials. 
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We have thus far found nothing to equal the Warfleld, as a 
general purpose strawberry. Its great productiveness, firm- 
ness, regularity of form and high color commend it most 
highly, as grown on our grounds. The average yield for the 
past two seasons has been ajt the rate of something more than 
333 bushds per acre. While the yields of the varieties named 
in our list have been noted with much care, it is well to offer 
a caution to the reader against accepting them as a safe cri- 
terion for what the same varieties may do on soils differing 
in character from ours. Certain varieties, as the Warfleld, 
yield well on soils that differ much in character, while others, 
as the Jessie, do well only on particular soils. A neighbor 

who grows strawberries for market a mile distant from our 

* 

Station, on a light, sandy soil, succeeds admirably with the 
Jessie, which, is nearly a total failure with. us. 

A test of keeping quality. 

In addition to the comparisons of yield and season, shown 
in the above diagrams, a test of the keeping quality of the fruit 
was made in 1893. A sample box, freshly picked, of the differ- 
ent varieties, fpom which, all over-ripe and immature specimens 
had been carefully rejected, was placed on a shelf in a north, 
room of the farm dairy building, on June 26. The weatker 
was moderately warm, the mean of four daily readings being 
about 70 degrees F. for each of the four days, and with, a 
mean relative humidity of 60 per cent After twenty-four 
hours the fruit in all of the boxes was examined, and the var- 
ieties assorted into three qualities, with reference to the 
damage suffered from the exposure. Those placed in the first 
quality were to all appearances as fresh as when picked; those 
in the second showed slight withering at the top of the 
box, while those that had suffered more or less throughout the 
box were placed in the third quality. Xo decay had taken 
place at the time of this examination, which resulted in the 
following classification: 
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First qtuility. 

Axoma, 

Auburn, 

BoyntoD, 

Crawford, 

Eureka, 

Gillepsie, 

Haverland, 

Park Beauty, 

Post's Seedling, 

Saunders, 

Warfleld. 



Second quality. 

Barton's Eclipse, 

Beder Wood, 

Bessie. 

Beverly. 

Bubacb, 

Cyclone, 

Edgar Queen, 

Gipsy, 

Greenville, 

Hewitt's Seedling, 

Jessie, 

Lovtti's Early, 

Middlefield, 

Mrs. Shepard No. 2, 

Parker Earle, 

Pearl, 

Plow City, 

Standard, 

Van Deman, 

Westlawn, 

Wilson, 

Yankee Doodle. 



Third quality. 

Banquet, 
D. and D., 
Enhance, 
Gen. Putnam, 
Gov. Hoard, 
Lady Jane, 
Martha, 
MlchePs Early, 
Sirs. Cleveland, 
Mrs. Shepard No. 1, 
Phillips' Seedling, 
Shuster's Gem, 
Yale. 



It should be remembered that this test is not one of carrying 
qua;lity, but rather one of ability to endure exposure to mod- 
erately warm and dry air. 

Twenty-four hours later, or forty-eight hours from the be- 
ginning of the test, the samples were again examined, and a 
second classification made, — ^necessarily upon a lower and 
somewhat more arbitrary standard, as some varieties were 
now considerably decayed, while others though less decayed 
were badly withered or spotted. Those placed in the first 
quality, however, were still in fair salable condrition, and 
those in the second were still usable — while the third 
would have been rejected at any price by most purchasers. 
The result of this second classification was as follows: 



Flr$t quality. 


Second quality. 


Third quality. 


Aroma. 


Auburn. 


Banquet. 


Beder Wood. 


Bessie. 


Bevtrrly. 


Enhance. 


Btiynton. 


D and D. 


Eureka. 


Bubach. 


Edgar Queen. 


Greenville. 


0> clone. 


Gen. Putnam. 


Haverland. 


G llepsie. 


Lovett's Early. 


Lady Jane. 


Gipsy. 


Mrs. Cleveland. 
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First Quality. Second Quality, Third Quality. 

Mrs. Shepard No. 2. Gov. Hoard. Mrs. bhepard No. 1. 

Plow City. Hewitt 8 Seedling. Yale. 

Post's Seedliog. Jessie. 

Warfield. Martba. 

Weetla^ n. Michel's Early. 

Middlefleld. 

Park Beauty. 

Parker Earle. 

Phillip's Seedling. 

Standard. 

Shustf r's Qem. 

Van Deman. 

Wilson. 

A few varietiesi appear in a higher quality in the second 
classification than in the first This is explained by the fact 
that the withering, which condemned them to the lower qual- 
ity^ in the first assortment, appeared to preserve them from 
decay, and thus gave them a higher standing at the second 
examination. 

AN EXPERIMENT IN IRRIGATION. 

As is well known, the strawberry plant quickly suffers from 
an insufficient water supply — an event w^hich, in our climate, . 
frequently occurs in June — the most critical time for the 
strawberry harvest. Rather late in the summer of 1893, 
arrangements were made for irrigating our small fruit 
grounds from Lake Mendota, to which they are adja- 
cent, and in 1894 our strawberry beds were irrigated. 
A rotary pump, of a claimed capacity of fifty-five gallons 
per minute at one hundred revolutions, was connected 
by a three inch suction pipe with the water of the lake, 
and a two and a half inch discharge pipe was laid from 
the pump to the strawberry plantation, where it con- 
nected with the line of w^ood troughs that sejrved to distribute 
the water to the different rows. The pump was operated by a 
ten horse-power threshing engine, though one of half this 
capacity might have done the work. The results of this ex- 
periment proved so satisfactory that it seems well to describe 
it in some detail, not that the method is new, but that the sub- 
ject is one of great importance to the small fruit growers of 
Wisconsin. 



Agbicdltural Experiment Station. 333 

The ideal ground for irrigation slopes regularly but very 
gently in two directions, though such land is by no means the 
only kind that may be successfully irrigated. The soil should 
be well cultivated at the beginning, in order that the water 
may be readily absorbed by it, and the cultivator should be 
fitted with teeth that make a light furrow on each side of each 
row of plants. 



Fia. -l^-SbowiDg metbod of Irrigallng stran'berries. 

The half-tone Illustration {fig. 48) will help the reader to 
understaJid many details of the work, as we performed it. The 
water, falling from the distributing troughs in small streams, 
flows slowly along the shallow furrows on either side of the 
matted strawberry rows, permeating the mellow soil as It pro- 
ceeds and soaking in among the roots of the plants without 
puddling the surface, but leading it more porous and permeable 
to air than after a rain. The attendant with his hoe directs 
tib.e course of the streams as they need it, walking the while 
on dry ground. There is no undue packing of the soil and no 
puddling of any part of it. 

The distributing troughs are an Important part of the outfit, 
hence these are described in detail. Tliey are made of inch 
boards of common quality which need not be dressed. As the 
bulk of water decreases in its forward movement thi'ough the 
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troughs, those farthest from the supply may be made of nar- 
rower boards than the others. Our troughs are of two sizes — 
the larger being made of one twelve inch and one ten inch 
board, and the smaller of one ten inch and one eight inch 
board. The boards should be nailed together strictly at right 
angles, and cleats should be nailed across the top, one at the 
center and one near the ends of each trough, to keep the 
boards from sprea ing. 

As will appear from the illustration, the end of one trough 
sets inside that of the next. Some trouble was experienced 
in preventing leakage at these unions, but generally a little 
dirt, or a strip of building paper plaiced between the over- 
lapping boards stopped the escape of water sufficiently at these 
points. The ends of the troughs are supported at the proper 
height by stakes driven in slanting and crosswise of each 
other; each of these stakes has a row of small auger holes 
through its center about three inches apart, so that by slipping 
an iron spike through the pair of stakes at the proper point 
they are readily joined together at the desired height. The 
stakes are driven into the ground sufficiently to prevent them 
from falling over sidewise, and a tie strip, not shown in the 
illustration, should be pinned across from one stake to the 
other just at the surface of the ground to prevent the bottoms 
from spreading or from settling too far into the ground, as 
they are sometimes inclined to do after the soil becomes wet 
This tie strip should have a row of small holes along the center 
like the stakes, to which it is attached with spikes. 

The water flows from the troughs through three-quarter 
inch augur holes on one side, near the bottom, and spaced 
three and a half feet apart. It is important that these out- 
lets be under ready control, in order that the water may be 
evenly distributed to the different rows. This is accomplished 
by the little device hown in fig. 49. It is made of two small 
pieces of thin galvanized iron, A and B. A has a three quar- 
ter inch hole through it, half an inch from its lower edge, and 
the side edges are bent over, so that B which has its upper 
edge bent forward at a right ang'le to form a handle, may be 
slipped in and thus form a gate to shut off the hole more or less 
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at will. This device is tacked with clout nails to the inside 
of the trough so that the hole exactly coincides with the one 
through the board that forms the side of the trough. If the 
attendant discovers that one row of strawberries is receiving 
more than its share of water, he partially closes the gate at 
the end of this row, and if another row is receiving too little, 
he opens its gate more. A sufficient length of trough should 
be used so that the holes can discharge all of the water deliv- 
ered without being open to their full capacity. 




Fio. 49— Showing device for rrgulatiag the fl 'W of water. 

We have found it more satisfactory to apply the water 
slowly, over a larger area at once, and thus give it ample time 
to soak into the ground, than to apply it faster over a smaller 
area. From ten to twelve hours of pumping were required 
to thoroughly wet the. soil for one-fourth of an acre of straw- 
berries, and the water generally came through the two and a 
half inch pipe under considerable pressure. This will convey 
some faint idea of the large amount of water required for irri- 
gation in dry weather. 



EFFECTS OF IRRIGATON UPON THE YIELD. 

Our strawberries were irrigated for the first time June 11, 
just as the fruit was beginning to ripen. At this time no 
rain had fallen since May 23 — a period of eighteen days, and 
the plants were just beginning to show the effects of the 
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drought. The plants immediately resumed their fresh and 
vigorous appearance, and yielded a fine crop of excellent fruit. 
Ko further watering was needed until after the picking season, 
the drought having been relieved by rain on June 16th. A 
portion of our strawberry plantation was left without irriga- 
tion as a check by which to judge the benefits received fix>m 
the irrigation. One plat of eighteen rows Warfield and Wil- 
son, was irrigated on June 11.* A second plat of 9 rows of 
the same varieties planted on the same day, and with the 
same stock of plants was not irrigated at any time. The rows 
were 50 feet long. Multiplying the yield of the rows not irri- 
gated by two to make the areas comparable, we have 

18 rows irrigated yielded 4f^6. 6 quarts. 

18 rowsnot irrigated yielded S52. 8 quarts. 

DifTtsreoce in favor of irrigated rows 243.8 quarts. 

The effects of the irrigation appear conspicuously from the 
accompanying graphic diagram. The difference in yield does 
not express the whole benefit from the irrigation, since the 
berries from the irrigated rows were decidedly larger than 
those from the rows not irrigated, which much enhanced their 
market value. 

Irrigated HHIHHHHHHH^I^^HIHIHHHHBHH^BHH^HHHi 



Not irriprated.. . . ■^■■■■■■■■■i^mHii^H 

Fig 50 -Showing effects of irrijcation on the fruit fulness of strawberries. 

• From the limited trials thus far made it would be difficult 
to accurately estimate the cost of the irrigation. A fair esti- 
mate of the labor required would be three men, working one 
day, for each half acre irrigated. This includes the labor of 
running the engine, of setting up and removing the troughs, 
and the distribution of the water. The fuel and interest and 
wear and tear of pump, engine, and fixtures must be added. 
There is no question that the irrigation of our strawberry 
grounds pi'oved highly profitable, since the crop on other plan- 
tations in the neighborhood, that were not irrigated, proved 
nearlv a failure. 



♦These rows were also irrigated August 2 and 8, 1893. 
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After the berry narvest,the plantation looked so well, that, 
though it had already borne two full croi>s, it was decided to 
mow and burn it over, thin out the plants in the rows and 
allow It to remain for a third crop — as a further experiment 
in irrigation. Almost no rain fell until near the middle of 
September, and with the exception of the check rowg, the beds 
were thoroughly irrigated on July 12 and 16, and August 17. 
The plants made a most vigorous growth, and during the lat- 
ter part of the summer, when the severe drought had destroyed 
nearly dl\ green hei'bage, presented a most refreshing appear- 
ance, — ^looking far more promising than spring set beds that 
had not been irrigated. The check rows, on the other hand, 
were nearly ruined — long vacant spaces appearing in some of 
the rows, whence every plant had perished from the protracted 
drought. 

A BREEDING EXPERIMENT WITH STRA.WBERRCES. 

In the report of this Station for 1892, pp. 284-87, is described 
an experiment in growing the Wilson strawberry from differ- 
ent strains of plants, i. e., plants of whidx the parents had been 
differently treated in the past, and had suffered to varying 
degrees from disease. It was shown that the amount of inher- 
ited vigor a strain of plants possessess has much to do with 
their development. This exx)eriment hasTbeen continued up 
to the present time. 

THE INFI.UPNCE OF CROPPING UPON V[GOR. 

The late J. M. Smith held that new strawberry beds should 
always be set with plants grown from other plants that had 
been set the preceeding spring, and which had consequently not 
borne fruit, a view that our experiment above cited seemed to 
corroborate. 

In the spring of 1892 two rows of 25 plants each were set 
from a bed of Wilson strawberries of which the ancestors had 
been grown for many successive genera,tions in the manner 
above described, L e., from young piants that had not borne 
fruit. It is known to a certainty that the ancestors of these 
plants had not borne fruit since 1889, and according to Mr. 
Smith they had not for many years previous to that date. At 
22 
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the same time one row was planted with the same variety but 
with plants taken from a bed that was known to have borne 
two crops, and which was originally planted from a bed 
known to have borne one crop. Prior to this, the history of 
this strain ia unknown. 

The two rows above mentioned contained in the spring of 
1893, 965 living plants, or an average of 19.3 plants for each 
one originally set, while the one row contained but 333 living 
plants or an average of 13.3 plants for each one originally set. 
The difference in the yield of fruit from these rows was less 
marked, possibly owing to the fact that the plants from the 
more vigorous rows were more crowded. 

In the spring of 1893 one row of twenty-five plants wa« set 
from the strain of Wilson straVberry spoken of in the article 
above cited that has been much reduced in vigor by the "sjKyt 
dlseasfe^' or blight, and at the same time another row was set 
of the same number of plants from the healthy strain so long 
propagated from young plants. The following spring (1894) 
the first of these rows had 232 living plants — ^a^ little more 
than 9 plants for each one originally set; while the second row 
contained 460 living planits, or almost exactly twice as many^ 
and the yield of fruit from the two rows was near'ly in the 
same proportion. 

The results of this experiment are significant because they 
show that the vigor and prolificacy of plants is to some extent 
dependent upon parental endowment, which emphasizes the 
importance of procuring plants and seeds of vigorous and 
healthy parentage. 

THE BORDEAUX MIXTURE AS A PREVENTIVE OF STRAW- 
BERRY BLIGHT. 

The affection of strawberry plants known as "blight," "rust"^ 
or "spot disease,"* and due to the fungus known as Ramw 
larig, tulasnei, Sacc. is a serious one in this state, strawberry- 
beds of more than one year's standing often being nearly or 
quite destroyed by it. 



* For description of this disease see Report Wis. Expt. Sta., 1893^ 
p. 248. 



r 
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During the aummer of 1893 a plantation of Btrawberries com- 
prising one-fourth of an acre was divided into two equal 
parts in such a manner that each row was divided at the 
center. One of these parts was thoroughly sprayed with 
the Bordeaux mixture on April 15, May 6, May 24, and 
July 29. The formula used was three pounds copper sul- 
phate to twenty- two galloi^s of water. 

The results were entirely negative. Late in the summer 
all of the. rows were more or less affected with the blight, but 
not the slightest difference was discernible between the 
sprayed and unsprayed part of the bed. Observation was 
made early last spring (1894) of the new growth, to see if this 
showed any influence of the spraying, but no such influence 
could be detected. 

The past season our strawberry beds were mowed and 
burned over after the berry harvest, and the new growth that 
came on promptly from the well irrigated soil, was almost en- 
tirely free from blight, notwithistanding that the bed had 
already borne two large orops of fruit. From this I am led to 
infer that the most satisfactory preventive of blight is to burn 
over the strawberry bed after the berry harvest, thus destroy- 
ing all diseased leaves, and then to provide abundant water 
to stimulate a vigorous new growth. 
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NOTES ON ORNAMENTAL TREES AND SHRUBS. 



E. S. GOFF. 



The following observations as to the liardiness of some of 
the more recently introduced trees and shrubs will have inter- 
est to those who desire to improve their home grounds. 

The Purple-leaf Plum, Pruntis Pissardii, grew finely for 
two seasons after planting, but periled during the winter 
of 1892-3. 

Two specimens of the Ginkgo, or Maidenhair tree, Salis- 
buria adiantifulia, set in the spring of 1892, have thus far en- 
dured the winters without harm. 

Teas' Weeping Mulberry, Moms alba, var., planted in 1892, 
appears thus far to be perfectly hardy, and forms an attractive 
and interesting lawn tree, especially well adapted to small 
grounds. 

The Amure Tamarisk, Tamarix Amurensis, kills back more 
or less each winter, but quickly recovers in the spring, form- 
ing a beautiful shrub that remains in bloom more or less all 
summer. While its flowers are not conspicuous its light, airy 
foliage makes it an interesting addition to the lawn. 

The Golden Elder, Sambucus nigra, var. JLwrea, though not 
strictly hardy, is sufficiently so to form a very attractive shrub. 
The shoots kill back nearly or quite to the snow line each 
winter, but a vigorous crop of young canes grows fr<mi the 
roots in spring, and the mingling of the younger green and 
older yellow foliage is strikingly beautiful. Later in the sea- 
son, the leaves are sometimes attacked by a blight that mars 
their appearance to some extent The canes are alao injured 
by a borer. 

The Golden -Leaf Syrin^a, Philadelphuf^ corovarlus, var., 
endures the winter witli little harm, but the foliage blighta 
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oonsidenably in th.e latter part of summer, causing tlie shrub 
to develop slowly. It is evidently not at kome in our dimate, 
and while beautiful for itsi foliage cannot be recommended. 

Deutzih crenatay and D. gracilis aa*e satisfactory only with 
winter protection. Without this the shoots often kill back 
nearly or quite to the ground. 

Viburnum plicatum must also receive winter protection if 
it is exi)ected to thrive. 

Eleagnus longipcs endured the past winter without other 
harm than the destruction of most of the flower buds. Plants 
well protected with earth during the winter bore a large crop 
of fruit the past season, while those not protected bore little. 
The chief interest of thi-s shanib lies in its fruit, which ripens 
ini June, resembles a small plum and is rather attractive on 
the plant, besides being edible. Though relished by some 
persons, iit is too sour and astringent to be generally popular. 
I think the plant is worthy of attention, not so much for 
what it is at present as for whati it may become by improve- 
ment. 

A variety of Rosa rugosa received from Prof. J. L. Budd 
in the spring of 1892 has thus far proved entirely hardy with- 
out winter protection. It produces a profusion of large, sin- 
gle, deep rose-colored flowers in June, and occasionally blos- 
soms later in the season. On the whole this is one of the 
most valuable ornamental shrubs we have planted. 

Van Houtten's Spiraea, Spircea Van Houttef, has thus far 
proved quite hardy and forms a most attractive shrub while 
in bloom. Its profusion of pure white flowers which appear 
in June are conspicuous as far as the plant can be seen. 

The Large Panic] ed Hydrangea, Hydrangea paniculata 
grandiflora, endures the winter well, but unless given plenty 
of water in the simimer is liable to suffer much from our pro- 
tracted droughts. With proper care the panicles attain large 
size and are very attnactive, but otherwise they are small 
and fail to open well in dry seasons. 

The Yellow Wood, Cladrastis tinctoria, growing in a shel- 
tered location on our grounds, seems entirely hardy. It 
forms an interesting tree of small size, and its long, droop- 
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Ing racemes of jwirple flowers which, appeair in June are de- 
cidedly attractive. 

The Japan Ivy, Ampelopsis tricuspidataj cannot endure our 
winters without some protection, but where this fs given, 
is not an entire failure. There is not much hope, however, 
that it can ever prove satisfactory with us^ even in sheltered 
locations. 

Among our evergreens, Ahies concoloTy is evidently not 
hardy as a young tree, aa it kills back more or less every 
winter. Engleman's Spruce, Picea Englemanni, however, 
seems fairly hardy thus far, and is perhaps the most attrac- 
tive evergreen on our lawn. In its peculiar glaucous color it 
closely resembles the Colorado Blue Spruce, Ptcea pungenSy 
but the greater compactness! of its branches renders it de- 
cidedly more attractive thaji this species. 
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NOTES ON ORCHARD FRUITS. 



E. S. GOFP 



The last trees of the apple orchard formerly planted on 
our Experiment Station farm were removed in the fall of 
1891, to make room for the new Dairy School building. The 
planting of fruit trees for a new orchard was commenced in 
1889 and has been continued to the present time, more or 
less trees having beeh planted each spring. 

The original orchard was of varieties then considered 
standard. The new orchard, which includes trees not only 
of the apple but also of the pear, plum and cherry, is being 
planted with varieties thait are believed to be promisLag, 
but which have not thus far been sufficiently tested to war- 
rant their general planting. Many of the apple and plum 
trees are propagated from "seedlings," i. e., from trees that 
have grown up from seed planted either intentionally or by 
chance, and which, after reaching bearing age, have proved 
hardy, productive and otherwise desirable. Many of the 
apple trees are from parents that have been standing for 20 
to 40 years and have not only endured the winters, but have 
gained a local reputation for the value of their fruit The 
effort has been oonstantiy made to procure cions from such 
trees not only in our own state but also in Minnesota and 
Iowa- Our plan is to test these and to reject all that do 
not prove superior in hardiness, productiveness and quality 
as fast as their defects are discovered. All of the promising 
Eussian varieties are also being tested, audi attention is be- 
ing given to seedlings of our own growing from seeds of 
known parentage. 

Thus far trees of our new orchard, which is located on 
a north slope adjacent to the Horticultural building, • have 
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borne so little th)at no report of them seemed called for. The 
past season, however, several of the plum trees and two of 
the apple trees yielded! sufficient fruit to enable us to form 
some opinion as to their qualities. It is hoped that each 
succeeding year may bring others into fruit. 

THE PLUM. 

Of the plums, Forest Garden, De Soto.Le Due, Moore's Arc- 
tic, Maquoketa, Ocheeda, Quaker, Pottawattamie, Rockford, 
Rollingstone, Smith's Red, Wyant, a so-called "Seedling from 
German' Prune," and a "Seedling No. 3" bore full crops, many 
of them more than the trees could develop to full size. Marl- 
ana and Wild Goose yielded a fair crop, and the White Nich- 
olas ripened a very few fruits. 

The Mariana was the first to ripen, the fruit being at its 
be«rt about August 13. Forest Garden, Pottawattamie, Le 
Due, "Seedling from German Prune" and "Seedling No. 3'* 
ripened about a week later, followed by Quaker, Smith's Red, 
Rollingstone, Wild, Goose, Rockford, White Nichlolas and 
Wyant in the latter part of August, and Moore's Arctic, Ma- 
quoketa, Ocheeda and De Soto in the first half of September. 

Of the varieties named Moore's Arctic and White Nicholas 
are of the European class. Primus domestical the others be- 
long to native species, and with the exception of the Potto- 
wattamie. Wild Goose and Marianna,* all are probably 
Pruri us A m ei • ica n a . 

Of the native varieties the Rockford was pronounced the 
finest in quality. The fruit is rather large, slightly oblong, 
truucate at the base, with a distinct suture; skin purple, 
sometimes inclining to orange, often a little speckled, with a 
very thin bloom; stem half an inch long, slendert and set in 
a decided cavity; flesh rich yellow, almost free from stone, 
tender, sweet and rich; skin thin and without acerbity; stone 
oval, bluntly pointed, very obscurely margined. 

Scarcely second to the Rockford in quality was the Ocheeda 
of which the fruit wats medium to large, nearly round, with 

•The Pottawattamie is assigned by Prof. Bailey to PrunnA nvguntifolia^ 
the wild goose to P. Horiviana and the Mariana to P. 3f|^ro6(i2ana/— Bul- 
letin 38, Cornell University Agrl. Expt Station. 
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an obscure suture; dull, finely mottled red beneath, a ratber 
thick bloom; flesh yellow, sweet and rich, free from the ob- 
long, stroDgly margined, smooth stone; skin medium in 
thickness, without acerbity. 

Cions of this variety were sent to our Station in the spring 
of 1891 by Mr. J. S. Harris of La Crescent, Minn. It was 
originally found wild in Nobles Co., Minn., and was intro- 
duced by H. J. Ludlow of Worthington, Minn. 

The "Seedling from German Prune'' was received from S. 
D. E*ichardson & Son, of Winnebago City, Minn., in the fall 
of 1891. If the parentage of this plum is correctly given, 
it must certainly be a hybrid, for it possesses maxiy Americana 
characteristics. The fruit is of large size, dull red, and 
dense'ly dotted with minute yellowish specks. The flesh is 
tender, sweet and rich^ but the skin is rather thick and has 
a somewhat harsh taste. I regard this plum as eminently 
worthy of further trial. 

Smith's Bed wa.s received in the spring of 1890 from Mr. 
I. F. Grale of Waukesha, Wis. The fruit is large, nearly 
globular, purplish red, shading to orange on the more shaded 
side, with y* How, netted, sweet and tender, nearly free flesh 
and with a rather thick skin that leaves no unpleasant taste 
in the mouth. The stone is ronndish and rough., but not mar- 
gined. The fruit matured slowly and continued a long time 
in season. This variety is also well worthy of further trial. 

The "Seedling No. 3,'' from same source as the last, had 
fruit of good size, roundish in form, rather strongly flattened, 
dull red, without specks, with a distinct suture, and very ten- 
der, sweet and pleasant flesh that was almost free from the 
oval, bluntly pointed, obscurely margined stone. The skin 
is very thin and nearly without acerbity. This was one of 
the finest eating plums I have tasted. The fruit would be 
too soft to ship well unless gathered before fully ripe. 

The four varieties above described all seem to me to be 
&ui)erior to most of the older native varieties. 

The White Nicholas is the first of the Eussian varieties 
that has fruited at our Station. The fruit is medium to 
large, oblong, thickest near the stem, with a rather obscure 
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suture; very deep purple witk thin bloom. The flesh is half 
tender, a little acid, not above fair in quality and clings to 
the large, ribbed stone. As noted elsewhere this variety 
blossomed full, but nearly all of thefhUts dropped when very 
small. 

Moore's Atretic is worthy of especial mention, for it was 
the only variety of the European plum, Prunus domestical 
that bore a full crop, though we have trees of the Lombard, 
Green Gage and of several Russian 'varieties that are old 
enough to bear. As a rule, the European varieties not only 
did not fruit, but did not bloom, a significant fact, since it 
suggests that the flower buds were destroyed by cold. Moore's 
Arctic is of good size and of sufficiently fine quality to ren- 
der it desirable either for home use or market. 

With the exception of Wyant,* of which the fruit is too 
astringent to be desirable either raw or cooked, all the varie- 
ties named in our list as having borne full crops are well 
woptiiy of trial. Our experience with them is not as yet suffici- 
ently long to warrant us in naming a select list either for 
home use or market 

The other varieties named have been well described in 
Prof. Bailey's Bulletin No. 38 of the Cornell University Exper- 
iment Station. 

Oup plums were protected from injury by the curculio, Con- 
otrachelus nenuphar, by the socalled "jarring process," i. e., 
the iusects were jarred from the tree in the early morning, 
upon a cloth-covered frame placed beneath the tree, and then 
killed by hand- The curculio was not numerous the past sea- 
son and some trees not thus treated bore weH, but as a rule 
the fruit of all plum trees in the vicinity of Madison is de- 
stroyed by this insect unless prevented by the jarring process. 
Our trees were treated for the first time on the morning of 
May 12, and every still morning threrafter when it did not 
rain or snow, until June 20. Nearly every morning when 
the trees were visited, during this period, more or less cur- 



*I am in doubt as to the geniiiaeness of oar variety under this name, al- 
though trf es of it procured from two different Iowa nurseries are un- 
questionably the same. 
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culio were found, one of the largest catches being on June 
11. This fact is mentioned because the question is often 
asked, ^Bow long is it neeessairy to continuje the jarring pro- 
cess?" Probably the time was lengthened the past season 
by periods of cold wet weather, for it was observed that on 
such mornings very few curculio were found, but that the 
number would rapidly increase on the return of warm 
weather. 

With the proper outfit and with, a little experience in its 
use, tbe labor of jarring trees for the curculio is very slight, 
it being necessary to spend but a moment at each tree. 

THE APPLE. 

The varieties of the apple that have fruited thus far 
are the Hoadley, of which trees were receivd from Charles 
Hirschin^er, of Baraboo, in 18hO, and the Windsor Chief, 
o€ which trees were received from J. C. Plumb & Son of Milton, 
in the same year. 

The Hoadley is a large apple of the Duchess type, quite sim- 
ilair to the Duchess in most respecits, but maturing about a 
month later. The trees ^row finely, bear young, and thus 
far appear perfectly hardy. 

The Windsor Chief is a medium to large apple; oblate, in- 
clining to conic, with a dull yellow ground mostly obscured 
with very dull red, and sprinkled with conspicuous yellow 
dots. The flesh is white, half tender, with a rather rich and 
pleasant sub-acid fiavotr. The fruit keeps well until March. 
The tree grows well and has not suffered from cold, but 
showed some inclination to blight the past season. 

FLOWERING AND FERTILIZATION OF NATIVE PLUMS. 

The uncertain fruitage of the native plum is well known. 
The past season a somewhat careful study was made of the 
fiowers of the varieties of plum growing at the Wisconsin 
Experiment Station, in the hope of discovering some of the 
reasons for the frequent failure of the blossoms to produce 
fruit. 
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Of the plums of which, the blossoms were examined — 3^ 
varieties — ^it was observed that the varieties belomgiag to 
native species have decidedly motre slender styles and smaller 
stigmas than those of the European plum — Prutrns domestica, 
and the slender styles of the native species were more often 
broken or bent by driving' rain than those of the domestica 
varieties examined. A severe rain storm during full bloom 
would doubtless prove much more harmful to the native than 
to the European varieties. 

All of the varietieei of plum that bloomed at our Station 
the past season appeared to produce abundant pollen. When 
we consider that all the anthers of the same flower rarely 
mature at the same time, and that the flowers on a given tree 
usually have a range of some days in their time of openingy 
it seems improbable that, where abundant pollen is produced, 
a total failure in poUenation could result, even in unfavorable 
weather. A rain storm occurring when the trees are in full 
bloom, if not suflSciently severe to destroy the pistils would 
probably promote pollination, since the rain tends to dislo- 
cate the stamens and often leaves the anthers in direct con- 
tact with the stigma. 

Imperfect pistils or an absence of pistils has been suggested 
as a reason for infertility in the native plums. Unquestion- 
ably this defect sometimes occurs. Careful observations on 
this point were made in our Station pHum trees the i>ast season 
and a marked difference was found in the percentage of perfect 
pistils in the different varieties. The results of these observa- 
tions are tabulated below : 
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Variety. 


Number 

of fli>W- 

ersez 
amined. 


N«mb<»r 
of per- 
lect pis- 
tils. 


Number 
or 

flowers 
>» ithout 

pistils. 


Number 

of 

abortive 

piatils. 


Number 
of pistils 
that liad 
bet*n de- 
stroyed. 


Per cent. 

of 

perfect 

pistils. 


DeSoto 


116 
109 


107 
106 


1 



8 



5 
8 


92 


Forest Garden 


97 


Forest Rose 


118 
59 


108 
49 



9 


2 
1 


8 



95 


Homestead 


81 


Le Due 


116 
184 


87 
127 


6 
2 


12 
1 


12 

4 


75 


Haquoketa 


95 


Mariana 


217 


154 


62 


20 


11 


62 


Miner 


103 


101 


1 





8 


96 


Moore's Arctic 


U7 


121 


8 


1 


2 


95 


Moreman 


104 


SO 


73 


1 





29 


Ocheeda 


its 

104 


104 
ICO 


8 



4 
8 


2 

1 


92 


Pottawattamie 


96 


Quaker 


1G6 


lOO 


2 


8 


1 


94 


Robinson 


101 


65 


87 


1 


1 


62 5 


Seedling from German Prune. 


101 


64 


1 


8 


8 


63 


Seedling, No. 8, Gale 


103 


67 


8 


9 


1 


81 


Seedling from Sparta 


lOJ 


72 


4 


18 


12 


68 


Smith's Red 


li2 


112 


8 


8 


4 


92 


White Nicholas 


100 
lOi 


100 
76 
93 



35 
10 







12 




100 


Wild Goose 


62 


Wolf. 





91 


Wjant 


115 


97 


15 


8 





81 







It appears tlmt the percentage of perfect pistils varied 
from 29 in the Moreman plum to 100 in the White Nicholas. 
The effort was made to ascertain if the proportion of flowers 
that formed fruits in the different rarieties oonreeponded with 
the 'percentage of perfect flow^ers. Immediately after the 
falling of the petals such a corresponden^^e was apparent, but 
after the miniature plums had grown to the size of an 
apple seed, or a little larger, a large proportion of 
them dropped from the trees of some varieties that 
had shown a high percentage of perfect flowers, indi- 
<5ating that some other influence had affected the fer- 
tilization beside the question of perfect pistils. A 
•cold peiiod occurred about this time, and it is possible, as 
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Mr. R. P. Speer has suggested,* the low temperature piPe- 
vented ihe f onnatioii of tftie pollen tube. The droppang of the 
miniature fruits was sometimes moist marked in tlhe varieties 
that apparently possesised the most robust pistils. The White 
Nicholas, a Russian vaiiety of the domestica species, was the 
only one examined that hiad 100 per cent, of perfect pistils, 
and the styles and stigmas of this vairiety were esi)ecially 
large, yet while the tree blossomed full, but two or three fruits 
grew to maturity. 

These observations indicate tiiat the failure of blossoms 
to set fruit in our native plums is probably due to more than 
one cause, and ttiat while tiiey do not show that the failure 
is never due to a lack of pollen it seems probable that it more 
often results from a deficiency of pistils or from cold weather 
during the period of fertilization. In the cases under con- 
sideration, the inability of certain varieties to fertilize them- 
selves could hardly have prevented fruitage, since the trees 
were closely planted and each variety had trees of several 
other varieties in the near vicinity. 

* BHlIetin No 4 Iowa Agricaltaral Experiment Station. 
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EXPERIMENTS IN IHE CURING AND CULTURE OF 

TOBACCO. 



E. S. GOFF. 

During the winter of 1892-3 the legislature of Wisconsin 
made a special appropriation of eight hundred dollars for two 
years, to be u/sed at the WisconBin Experiment Station fkw 
experiments in the culture and curing of tobacco. Accord- 
ingly in Ihe spring of 1893, a series of experiments was 
planned and a small field of tobacco, amounting to about one 
and a half acres was planted. During the summer a sipall 
curing-houise (28 by 32 feet), designedi especially to facili- 
tate investigation in the curing of the crop, was erected, in 
which the tobacco was hung and cured. The past season, 
(1994) a crop was also grown and cured— the aiea being a 
trifle larger than, that of the previouis season. 

The curing house was dividf^d by matched board partitions 
into four compartments of nearly equadi size, and a hall was 
constructed from a door in one end of the building to the 
center, where a stairway, with several) dioors opening into 
the different compartments, permitted easy accesa to the to- 
bacco hanging in the different tiers in each compartment. 
The building was inclosed with close fitted, drop sliding, and 
each compartment was provided' with ventilating doors, and 
a central roof ventilator so arranged that it could be opened 
and closed at will. Provision was also made for placing a 
lighted lamp in each roof ventilator in order to promote an 
upward current of air when this appeared desirable, and* 
the past seaison, additional meansi for promoting ventilation 
by means of heating flues was provided, the details of which 
will be described further on. 

A report is here offered of certain investigations of which 
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the results appear to be well defined. Some experiments 
with, fertilizers were commenced tke past season but the re- 
port on these will be deferred until further data are secured. 

EXPERIMENTS IN THE CURING OP TOBACCO. 

Tlie curing of tobacco as practiced in the northern states 
does not appear to have been made the subject of careful in- 
vestigation. Certain more or less crude ideas ujwn the subject 
obtain among toibacco growers, but the more intelligent and 
tlioughtful ones are usually most conscious of the meagerness 
of their knowledge. It is hardly an exaggeration to say that 
the tobacco ci'op of the average grower is as much at the 
mercy of the weather after it is hung in the curing-house as 
while it was standing in the field. Through ignorance of the 
i^quii'^ments, the lack of proper appliances, or the slack 
application of the means at hand, the crop is usually per 
mitted to cure too fast or too slow, according as the weather 
chances to be too dry or too wet, to produce the best quality. 
Yet those best informed agree that much of the quality of 
tobacco is made or unmade in the curing-house, and that Wis- 
consin tobacco grown and cured under the most favorable 
climatic conditions, compares well in quality with the best 
samples of Eastern tobacco. It has seemed wise, therefore, 
to devote a part of our first ejfforts to an investigation of the 
curing process. 

Chiififfes dittoing the curing process- — ^The most consjMeaous 
changes that occur in the curing of tobacco are a decided loss 
in weight, due mainly to evaporation of water from the leaves, 
and a change of color in the leaves from green to varying 
shades of brown. Various chemical changes also occur that 
materially alter the properties of the leaf, but as these belong 
to the field of the chemist they Tiill not be here considered. 

The aimnnit of icater evaporated during curing. — On this 
X)oint we have the following data. 

The plants were weighed in the field after having wilted 
somewhat, and the stalks and cured leaf were again weighed 
after stripping. 



Agricultural Experiment Station. 



353 



Year. 



Number 
o£ planes. 



Treatment 
during growth. 




Not Irrigated. 
Irrigated 



Weight 
green. 


Weight 
cured. 


199.25 

245.75 

8,320.45 


57.8 

71.5 

960 8 



Per cent. 

of lo«8 fn 

curing. 



70. 
71. 
71. 



From the above data it appears that under our conditions 
the loss in weight during curing was about 71 per cent, of 
the weight of the green plants. In other words of each toii 
of greaa tobacco huag m the curing house about 1400 lbs. 
were water that was given off during the curing process. 
A small pB.rt of this loss in weight. may have resulted from 
chemical changes, but, on the other hand, some loss took 
place during the wilting of the plants previous to the 
weighing. 

Co)i(Utions affecting the escape of water from curing to- 
hacco. — It would seem natural at first thought to suppose 
that this very large loss of water from the leaves would pro- 
ceed fastest in the green tobacco, and that the rate would 
gradually diminish until the leaves were entirely cured, the 
rate at all times being much dependent upon the weatlier. But 
from many observations made during the season of 1893, I 
was led to believe that other causes connected with the 
changes going on within the leaves interfere to modify this 
seemingly natural law, an opinion which I was able to dem- 
onstrate during the past season. Circular discs were cut 
between the veins of leaves of tobacco in different stages of 
curing, which, after being weighed upon a chemical balance, 
were exjx^sed for a given length of time to the air of a closed 
room, when they were again weighed and the loss in weight 
that had occurred during the exposure determined. The 
discs were cut to a uniform size with the sharpened end of a 
metal tube, the leaf being placed over a large piece of cork. 
As fast as the discs were cut, each was placed between two 
watch-glasses that were ground so as to fit tightly together, 
and the watch-glasses were placed beneath a bell-glass that 
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rested on a closely fitting ground glass plate. The discs were 
weighed between the watch-glasses, and not until they were 
all weighed were they uncovered to the air. Five dupli- 
cate trials were made, of which the numerical data are pre- 
served. The average amounts of evaporation from the differ- 
ent samples are shown comparatively . in the accompanying 
diagram. 



Samples freshly cut. 



Sample;* thoroughly wilted 



Samples yellow with some green 
spots 



Samples part yellow and part 
brown 



Samples brown all over. 



Fig. 51— Showing comparative rate of escape of water from tobacco leaves in different 
stages of curing. 

From the above diagram it appears that the period of 
most rapid escape of water from curing tobacco is in the 
browning stage, i e., while the color is changing from yellow 
to brown, and that with tobacco that is well wilted at the 
time it is hung, the escape of water from the leaves is at first 
comparatively slow, "niis fumishes a warrant for the prac- 
tice of many intelligent tobacco growers who hold that it is 
better to keep the curing-house nearly closed for a time after 
the tobacco is hung, and that it should be gradually opened 
as the curing proceeds. It is well known also, that the dan- 
ger from the affection of curing tobacco known as " pole- 
burn " is greatest not immediately after the tobacco is 
hung, but several days thereafter, a fact that is, in part at 
least, explained by the results of this experiment. 

The changes in color of tobacco leaves while curing are not 
due directly to the loss of moisture. That this is true was 
shown by placing tobacco leaves beneath a bell glass that 
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«ettipon a ground glass plate and in which, the air was kept 
nearly saturated by tlie moisture that escaped from th.e 
leaves. The leaves assumed first a yellow color, and after- 
ward changed to brown in about the same time as other 
leaves that were curing in the ordinary manner. After as- 
suming the brown color under the bell glass, the leaves still 
contained so much water that the liquid could be readily ex- 
pressed by squeezing them in the hand. It is well known that 
in curing tobacco by artificial heat a given color can be fixed 
at any time by a rapid drying of the leaf, showing that the 
changes of color are not the result of drying. 

The particular shade of brown assumed by cured tobacco 
leaves depends much upon the degree of ripeness to which the 
leaves attain before cutting, as was conclusively shown by 
repeated exjyeriments. The riper the tobacco the lighter 
shade of brown will the cured leaf hlave, and leaves tliat be- 
come spotted with yellow before cutting will produce a cured 
leaf that is mottled with varying shades of brown. The lower 
leaves on the plant usually cure If-^hter than th.e upper ones, 
because they are riper. I mention these facts not because 
they are new to all tobacco growers, but because I have dem- 
onstrated them during the past two seasons by careful and 
repeated observation, I incline to think, also, that tobacco 
cured early in the season, as in August, while the weather is 
warm, is usually of a^ lighter shade of brown than equally 
ripe tobacco cured later in the season, while the weather is 
cooler and the days shorter. A knowledge of the relation 
between' the maturity of tobacco and the shade of brown as- 
sumed by the cured product is valuable, because it enables 
us to produce the shade of color that the market demands. 

The degree of atmospheric moisture best suited to the cur- 
ing of tobacco. — It is universally admitted that tobacco may 
dry both too fast and too slow to yield the best quality of 
cured leaf, but so far as I know, no one has attempted to 
define the range within which the best quality is produced. 
Tobacco growers and i)ackers agree that the finest samples 
of tobacco are usually found in crops that are more or less 
damaged by pole-bum, a disease resulting, indirectly, from 
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too slow drying; and that in seasons when pole-burn is prev- 
alent, the quality of the tobacco that escapes damage from 
tie disease is generally good. From this we infer that to- 
bacco should dry slowly to yield the best quality of cured 
leaf, but of course the 'rate of drying should not be so slow 
as to induce pole-burn. 

The attempt has been made during the past two seasons 
to determine the highest degree of atmospheric moisture that 
may be maintained within the curing house and still avoid 
damage from pole-burn, for in the present state of our knowl- 
edge this would seem to be the point at which to aim. While 
much still remains to be done, it is thought that sufficient 
has been accomplished in this line to merit presentation, and 
that the hints here offered may be turned to practical use 
by tobacco growers. 

The investigation has been carried on in a special appar- 
atus in which the temperature and moisture of the air could 
be kept nearly uniform, and, at the same time, careful ob- 
servations were made in the curing-house itself. The appar- 
atus consisted of a chamber, eighteen inches in each dimen- 
sion, inclosed on five of the six sides by double walls of sheet 
copper between which water from a hydrant constantly 
flowed, and, in addition, the whole was surrounded with a 
double walled wood case having a door on the side not in- 
closed by the copper jacket. Thus the chamber was main- 
tained nearly at the temperature of the hydrant water of 
which the fluctuations in temperature were not very great. 
Ventilation of the chamber was accomplished by connecting 
a small laboratory air-pump, operated by water from the hy- 
drant, with an opening through the wall at one side near the 
bottom, and a corresponding opening was provided on the 

opposite side of the chamber near the top, to admit fresh air 
from without. The door of the chamber contained a 
window formed of two thiclniesses of glass with an air cham- 
ber between, so that- a psychrometer hanging within could 
be read without opening the door, It was found on trial that 
the air-pump did not change the air within the chamber 
sufficiently fast to prevent it from becoming practically sat- 
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urated with, moisture wlien green tobacco leaves were hung 
in the chamber, hence a fruit jar, filled with ice and setting 
in a tin cup, was kept in the chamber during the day, to con- 
dense the excessive moisture which, was removed by empty- 
ing the cup from time to time. The temperature and humid- 
ity of the chamber as indicated by the psychrometer were 
noted several times each day, and the tobacco leaves were 
weighed daily to determine their loss of moisture. Notes 
were also made of their progress in curing. Thus, for the to- 
bacco cured within this chamber, we have a nearly complete 
psychrometer record of the ; temperature and humidity of 
the air in which the curing took place. 

We were enabled to complete the curing of two successive 
lots of tobacco leaves in this chamber; the first lot was put in 
August 25, 1894, and the curing was completed, except the 
leaf stems, by September 11, when the second lot was put in, 
and which w^as w^ell cured by October 2. Two samples were 
cured in each lot, one of well ripened tobacco and the other 
of that which was quite immature, and ten average leaves 
were used for each sample. 

The results of this study are striking, since they indicate 
how great may be the humidity of the air in which tobacco 
cures without causing damage from pole-burn, and also indi- 
cate with some degree of clearness the maximum humidity 
that the tobacco can endure without damage from this affec- 
tion. The numerical data connected with the experiment 
are too voluminous for presentation, but the diagram (Fig. 
53) will convey an idea of the moisture of the air within 
the chamber during these trials. 

It will be well here to explain the psychrometer, one form 
of which is iliustrated on the following pa 2:e, and th 
manner in which it is used. The instrument consists of two 
accurately graduated thermometers, of which the bulbs are 
placed at some distance apart, and of which the bulb of one 
is surrounded by thin muslin, which is connected by a wick 
of clean cotton to a cup hung a short distance below and 
w^hich, while the instrument is in use, should contain more or 
less of distilled or clean rain water. The water from this cup 
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is drawn upward through the wick to the muslia that sur- 
rounds one of the bulbs, and thus the surface of this bulb is 
kept constantly moist, while that of the other bulb is dry. 



Now the water on the surface ot this wet bulb will evaporate 
into the air about it more or less rapidlv according as the 
air already contains more or l^s of moisture, — the more moist- 
ure the air contains the less rapid will be the evaporation 
and vice versa. Since water in evaporating absorbs heat, 
tile temperature of the wet bulb is lowered more or less, 
according as the evaporation is more or less rapid. Hence, 
by noting the difference in the temperature registered by the 
two thermometers we form an idea of the moisture of the air 
— the greater the difference re^stered the drier the air and 
vice-versa. 'When the two thermometers register alike the 
air in contact with the wet bulb is saturated with moisture, 
so that it can hold no more and hence evaporation has ceased. 
In dry summer weather the difference registered by the two 
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thermometers may amount to fifteen or more degrees. By 
using prepared tables the absolute relative humidity of the 
air may be determined by the psychrometer, but for our pres- 
ent purpose, the depression of the wet bulb is all that it is 
necessary to use. The tobacco leaves while in process of curing 
being moist, the evaporation from them will follow the same 
law as from the wet bulb, hence a psychrometer hung among 
the plants in the curing-house will give an indication at any 
time of the rate at which the moisture is i)assing off from 
the tobacco. 

In the following diagrams (Figs. 53, 54) the average of the 
readings of the wet and dry bulb within the curing chamber 
already described are given for each day during the two 
trials. The temperature indicated in the diagrams are the 
average of all the readings noted for each day. The readings 
were generally made hourly from 7 a. m. to 6 p. m., though 
some omissions occurred. 

In all diagrams given in this connection the zigzag lines 
indicate the fluctuations of the temperature as indicated by 
the psychrometer, the upper zigzag line being the record for 
the dry bulb thermometer, and the lower one for the wet 
bulb thermometer. Each straight horizontal line marks a 
degree in temperature the figures for which are given at the 
left, and each vertical line represents one day. The nearer 
the zigzag lines are together on any given vertical mark the 
more nearly was the air saturated with water on that day, 
and vice versa. 

As appears from Figs. 53 and 54, the air within the cham- 
ber was decidedly moist during both trials, the depression 
of the wet bulb rarely exceeding two degrees, and it should 
be understood that this moisture came from the tobacco 
leaves within the chamber. 

In the first trial, as appears from Fig. 53, from August 
26 to September 1 the air in the chamber was more nearly 
saturated than afterward. This was before the can of ice, 
already spoken of, was introduced. The ice was used to con- 
dense the excessive moisture because without it the air could 
not absorb the water as rapidly as it was being set free from 
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the leares, hence the latter were becoming soggy and appar- 
ently saturated with water in places. After the ice was in- 
troduced these soggy spots ceased to increase in size, though 
some days were required for the air to catch up, so to speak, 
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Fig. 53— Showing range of temperature and wet bulb depression io first incubator trial. 
The upper zigzag line shows the temperature of the dry bulb, and the lower that of the 
wet buib. 
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Fig. 54— Showing range of temperature and wet bulb depression in second Incubator 
trial. The uoper zigzag line &ho\\rs the temperature of thts dry bulb, and the lower that 
of the wet bulb. 

with the water that was being gi^en off from the leaves. Tn 
the meantime pole-burn set in, and the structure of the more 
soggy parts of the leaves was destroyed, while the parts that 
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did not become soggy cured out of fair quality. But all of 
tlie leaves showed more or less of the peculiar pimpled ap- 
pearance that always accompanies pole-burned tobacco, and 
which, as I have now learned, is due to the moisture having 
not been absorbed from the leaf as rapidly as it was set free. 
In the second lot, which cured in a somewhat low^er tempera- 
ture than the first, and in( an atmosphere not quite so highly 
charged with moisture, as appears from Fig. 54, no pole-burn 
appeared, though the pimpled appearance was manifest more 
or less on nearly all of the leaves. 

It is of interest that the more unripe samples of tobacco 
in both trials were less affected with pole-burn, and showed 
less of the pimpled appearance than the riper ones. 

The diagrams here shofwn are worthy of careful study, be- 
cause they indicate .rather clearly the range of humidity 
within which danger of pole-burn lies. Prom Pig. 53 it ap- 
pears that from August 26 to September 1, the wet bulb de- 
pression was less than one degree, after this date it varied 
from one and a half to tw^o and a half degrees. Prior to Sej)- 
tember 1st the tobacco leaves that had reached the browning 
stage became soggy and pole-bum set in. After this date 
the excess of water and also the pole-burn disappeared. From 
Pig. 54 it is seen that the wet bulb depression varied from 
one to two degrees, except in a few instances when it was 
slightly less than one degree. Xo pole-bum appeared in this 
lot of tobacco, but the leaves became somew^hat soggy at 
times. In Fig. 55 is shown the range of temperatures * in 
one compartment of the curing house in which the tobacco 
was hung very thicldy — four laths to the foot and six plants 
to the lath. 

As appears, the wet bulb depression rarely exceeded one 
degi'ee, and was often less. Pole-burn was detected in this 
compartment on August 30, and despite the fact that arti- 
ficial heat was frequently used to promote ventilation, the 



*The psychrometer readings in the curing house were taken daily at 
7 a. m. 12 m. and 6 p. m. and the temperatures recorded in Figs. 55 and 56 
are the average of the three daily readings. The psychrometers hung 
bet^reen, and about eighteen inches below, two laths on the second tier. 
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Fio. 55 — ShowiDg' ranjs^e of ternperature and wet bulb depression in a compartment 
where tobacco was huug too thickly. 
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Fig. 55— Showinpr ranee of temperature and wet bulb depression in a compartment that 
was well ventilated. [Record omitted from September 7 to 11.] 
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tobacco was badly damaged, not less than 56 per cent, of the 
eaves being affected. In Pig. 56 we have the range of tem- 
peratures in another compartment of the curing house in 
which the laths were placed five inches apart. It is seen that 
the range differs little from that of Fig. 28 except in the fact 
that the wet bulb depression was in no case less than one de- 
gree, and was generally from one and a half to two degrees. 
In this compartment no symptoms of pole-bum appeared at 
any time and no pole-burned tobacco was found. The tobacco 
in this compartment cured out of excellent quality. In a 
third compartment, in which part of the l.Jths were placed 
five inches apart, the wet bulo depression wa^s maintained 
by careful attention to the ventilation as nearly as possible 
at two degrees, except for a period of four days, when the 
ventilators were intentionally closed to produce pole-burn. 
But only at the close of this four day period, and after the 
wet bulb depression had been reduced to zero, were symp- 
toms of pole-bum manifest in this room. Tliey soon disap- 
peared on the restoration of the two degrees depression, and 
the tobacco contained but a minimum of damage from pole- 
burn. 

From these data the conclusion seems warrantable, that 
with a temperature within the curing house of not exceed- 
ing 75*^ F. , a degree of atmospheric humidity represented by 
a wet bulb depression of two degrees, when the psychrometer 
Is between the plants, and is not exposed to unusual air cur- 
rents, does not endanger the tobaccq' to pole-burn, and that 
an occasional variation to one degree is safe at least, if not 
prolonged. But a wet bulb depression of less than one de- 
gree is dangerous, and if prolonged, is almost sure to result 
in pole-burn. 

The curing of tobacco is prohabhf rather a process of elimi- 
nation of water than one of drying. — This was shown by the 
fact that in the trials within the chamber already described, 
the leaves set free their water so fast that the air in the 
chamber could not absorb it all, and the leaves became soggy 
in places. It was also shown when green tobacco leaves were 
placed under a bell glass. The leaves threw off their mois- 
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ture until the air within the bell glass became saturated as 
was shown by a copious condensation on the inner surface of 
the glass. But the elimination of water did not stop here. 
As portions of the leaves commenced to pass from the yellow 
to the brown stage these imrts became so wet that water 
could be readily expressed from them by squeezing in the 
hand. This is what occurs in the cuiing-house when insuffi- 
cient ventilation is given during the browning stage, or when 
the tobacco is hung too thickly rendering sufficient ventila- 
tion impossible. The air confined between the plants be- 
comes so charged with water that it can take no more, when 
the liquid gathers in minute drops on the surface of the 
leaves. I have never known this excess of water to occur 
until the leaves have reached, or were approaching the brown- 
ing stage. We are now ready to consider in more detail the 
subject of 

PoU'-hurn in tobacco- — This affection is the indirect re- 
sult of the leaves becoming moistened by this excess of water 
which furnishes the necessary conditions for the germination 
of the spores of the microscopic organism or organisms that 
cause the disease. It is a decay of the leaf, resulting from a 
too prolonged exposure to the excess of water. All parts of 
any given leaf rarely, if ever, reach the browning stage at 
the same time, which explains the fact that pole-bum, in 
cases of slight affection, is found distributed over the leaves 
in such apparent irregularity. Spots of it appear here and 
there, without any apparent order of distribution. When 
the atmospheric conditions favor pole-burn the parts of the 
leaves that are in the browning stage are affected, while the 
parts that have not yet reached this stage, or have jmssed 
it to a sufficient decree, escape. The wet, oily appearance 
of the le.af may be regarded as the first symptom of pole-burn. 
Later a characteristic odor is given off. The destruction or 
weakening of the tissues is not always apparent until some 
time after the oily appearance has been assumed. 

I do not here attempt to consider the specific organism or 
organisms, if such there be, that are the direct cause of pole- 
bum, which belongs to the field of the mycologist If it is 
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due to a specific organism it appears that its spores ar : prac 
tically omnipresent, for it seems certain that under the proper 
conditions all tobacco that has not been sterilized is affected 
by pole-burn. 

I had formerly supposed that the wet condition of the leaf 
accompanying pole-burn was caused by condensation of 
moisture from the air, due to lowering of temperature, but 
I found no evidence either during the past season or during 
the summer of 1893 to corroborate tliis opinion. I failed to 
find a single instance where the water so apparent in the 
leaves affected with pole-burn appeared to have come from 
the air. Had it come from condensation, something analo- 
gous to dew would have occurred in the curing-house during 
cool nights, and the moisture would have been noticeable on 
the outer leaves of the plant as well as upon the laths and 
the timbers of the building. But no such conditions were 
observed. The wet leaves were almost alwavs those that 
were more or less covered by others. 

How to prevent pole-hvrn. — From what has been said, it 
is clear that the preventive of i)ole-burn'is tQ provide suffi- 
cient ventilation in the curing-house so that the air in con- 
tact with the leaves does not become so nearly saturated with 
moisture that it can no longer take up the water given off b}'' 
the leaves. Here the value of the psychrometer appears. By 
having one of these instruments hanging between the plants 
in a central part of the curing-house we have only to note 
the depression of the wet bulb to discover at once if danger 
from pole-burn approaches. It is not safe to wait for the 
moisture to appear on the surface of the leaves nor for the 
characteristic odor of pole-bum, for then the trouble has al- 
ready commenced and much damage may result before it can 
be checked. 

Yentilation of the curling-house. — As has already been 
stated, the best quality of cured tobacco is generally found in 
crops that are more or less damaged by pole-burn and that 
the point at which to aim is slow curing, but not so slow as 
to induce pole-burn. It is clear that in a climate so variable 
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as that of Wisconsin, the ideal cnring-honse must be made 
suflSciently tight to shnt out, in a measure, the hot and dry 
air that so often prevails in August and September, to prevent 
the tobacco from curing too fast; and it must also have a pro- 
vision to use artificial heat to produce a less humid air within 
the house in case of a warm and wet period of weather at the 
critical stage of the curing process. In our experimental cur- 
ing-house we have provided for emergencies both in the di- 
rection of dry and wet weather; — ^for dry weather, by inclos- 
ing the building with closely fitted drop siding with tight fit- 
ting doors, which gives almost complete control over the 
amount of air that enters the building; and for wet weather 
by placing a small box stove in each compartment from which 
a long pipe extends nearly horizontally about three sides of 
the room, near the ground, passing out through the fourth 
side a sufficient distance for safety, and then extending ver- 
tically for a few feet. The system is illustrated in Pig. 57. 
An excavation, A, was made beneath the sill of the 
building at one side of the room, sufficiently long and 
wide to admit the stove, B, which extends into the room 
as indicated, and to provide space in front of the stove for 
putting in wood, etc., and sufficiently deep so that the top of 
the stove was a foot or more below the bottom of the sill. 
The space between the stove and sill, and between the stove 
and the earth waUs of the excavation was bricked up with 
hollow building tiles, which admitted air freely to the room, 
at the sides of, and over the stove. Common brick might 
have been used for this purpose. The pipe, C. eft the stove 
at the level of the ground floor of the room, and rose gradu- 
ally in its course, being supported ui)on bricks and pass- 
ing out at D above the sill, through a double-walled 
tin cylinder. As the rooms in our curing-house are all small 
— ^the largest being but 16x28 feet — ^a small stove, carrying a 
six inch pipe, answered the purpose. Xo difficulty was ex- 
perienced in securing a good draft, and, except in one room, 
in which the tobacco was hung too thickly (four laths to the 
foot), the humidity of the air within was found to respond 
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readily to the heat from the stoves, even when a rery little 
fire was used. After the curing was completed the pipes were 
taken down and stored for use next year. 
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Fig. 57- -Showing location of stove and heat-flue in experimental curing house. 

From the experience of the past season I think that a cur- 
ing-house one hundred feet long could be sufficiently warmed 
by means of four thirty-six inch box stoves, carrying seven 
inch pipe, placed as shown in Pig. 58. The stoves should 
be let into the ground beneath the sills and bricked in as 
above described. The pipes should start at the ground level 
and rise eight or ten inches to the rod. If they come in the 
way of hanging tobacco, remove a sufficient number of plants 
to make room. They may be supported om temjHwary brick 
piers, or susi)ended by wires from the scantling that cairry 
the tobacco. The portion of the pipes extending outside of 
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the building will be more durable if made of galvanized iroQ, 
and should be capped witii spark arresters, but the remainder 
mav be of common sh^et iron. 

The pits in which the stoves are located should have their 
sides planked or bricked up, and be provided with plank 
covers, and eve-ti-oughs should be placed above them to keep 
out water. 
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Fig. 5-— Stiom-irgmi»:h>i of a-ia^ arr.aiii: h'*: for Tea::.a:i3a in « lar^e car^i^ house 

Tlie first cost of surh a heatiug system need not much ex- 
ctHHl seventy-five dollars, and as it would not l»e used much 
in any one season, if the pip.^s were pni}»frly stored when 
nor in use, it would last mauv vears. 

The inort^istnl vaiue of a single croj» of t^lMrco saved from 
a severe auark of |«>K'l»uru l«y siii h a ht-aricir system would 
W more tlian sut*irienr to j^y for its oist. and if by provid- 
icsr i: as a safeguard, the or jp aiay be caused to cure slowly 
as i: should, in drv seas.^-s, the apparatus may be ^lade t 
jv.y f.^r iis-lf n-arly evt-ry yi-ar. I uu,y add that with the 
h-atin^ n;.:vr.;;:::s, ih*- to|.;>.\o im.y l». hvA^n a littlt* c!os»^r 
t:. :i; w.v::! o:herw ise ^- ]-r'd.-}:, t^.is prinitting a -»ii.e- 
wr.at smaller bu'.ltl^nsr for a sriven rt:-re3<re. 
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foolishness by some Wisconsin tobacco growers, wko now at- 
tempt to cure tkeir tobacco in the poorest building on the 
farm, and who have been accustomed to regard any structure 
sufficiently inclosed to keep out stock as a fit place for curing 
what should be their most valuable crop. Nevertheless I af- 
firm with entire confidence that the tobacco crop cannot be 
so cured as to yield the best possible quality every year with- 
out a building in which the humidity of the atmosphere is 
under control, and without the requisite knowledge and at- 
tention in the use of such a building. And I am equally con- 
fident that the market value of the crop wUl be sufficiently 
enhanced by providing these requirements to abundantly re- 
pay their slight additional cost. 

Moist air is lighter than drier air at a given temperature 
and hence tends to rise. Comparatively dry air entering the 
curing-house near the ground and cotoiing in contact with 
tobacco that is giving off moisture, as it absorbs this water 
will gradually rise through the building, absorbing more and 
more moisture in its course until it reaches the roof. It is 
important, therefore, not only that the curing-house shall con- 
tain ventilators through the roof or in the gables, but that 
these be so made that they can be opened and closed at will, 
because these furnish an efficient means for controlling the 
humidity, providing the weather boarding of the building is 
tight, as it should be. In ordinary weather, it is probably 
better to use only the ventilating doors near the ground, and 
the roof ventilators, leaving the higher side doors closed ex- 
cept as an emergency seems to require special ventilation, 
and the control may be mainly exercised by the roof venti- 
lators, since by opening or closing these more or less, the 
air as it rises between the hanging tobacco plants may be 
compelled to rise more br less rapidly as seems desirable. 
But it should be remembered that when the external air is 
very moist, as in rainy weather, this upward current of air 
will largely cease because the absorption of water from the 
tobacco will be greatly checked. At such times the tempera- 
ture of the air between the plants must be raised to restore 
normal absorption, and the only way to do this is to provide 
24 
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artificial heat. Placing lighted lamps beneath the roof ven- 
tilators will help to produce an upward current of air, as wa» 
proved in our experiments, but this will not avail to prevent 
pole-burn if the air that enters the building is already on the 
verge of saturation. 

It is important that the plants in the curing-house be hung, 
so far as possible, at uniform distances apart, and when hung 
on laths, the end plants on the laths should be hung 
suflSciently near to the ends of the lathai so that when the 
laths are placed in position, open spaces are not left where 
the ends of the laths of adjacent courses come together, thu» 
forming chimneys for the ascent of the air. Otherwise, lie 
air may be able to rise through these open spaces as rapidly 
as it can make its exit through the roof ventilators, and thus 
the more confined air between the laths be greatly hindered 
in its ascent The existence of such currents through these 
open spaces was demonstrated in our own curing-house by 
placing one psychrometer between the laths at the center,, 
and a second at the ends, when it appeared that the latter 
instrument registered a lower wet bulb depression than the 
former, indicating a less humid air. 

In our trials it was found that laths containing six medium 
plants placed four and five inches apart respectively, cured 
well without pole-bum, while laths placed three inches apart 
gave considerable pole-burned tobacco in spite of the fact 
that artificial heat was used. 

SUMMARY OF THE PRECEDING ARTICLE. 

Green tobacco loses in round numbers about 71 per cent* 
of its weight during the curing process. 

The rate at which the water passes off gradually increases 
from the time the leaves are well 'wilted until they assume 
the brown color. The water api>ears to be set free by the 
leaves rather than extracted frcMn them by drying. 

The changes in color of tobacco leaves during the curing 
process are not the result of drying but of certain changes 
within the leaves themselves. Biper tobacco yields a lifter 
color of cured leaf than that which is less mature. 
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In curing tobacco the aim should be to have it cure in as 
moist an atmosphere as possible without incurring damage 
from pole-burn. 

The psychrometer is a very useful instrument in the curing 
of tobacco because it enables us to anticipate danger from 
pole-bum. A wet bulb depression of not less than one degree 
nor more than two degrees should be maintained by careful 
attention to ventilation. ^ 

The curing-house should be inclosed in such a manner that 
the amount of external air that enters it is under control and 
should be provided with some kind of heating apparatus that 
i-enders it possible to reduce the humidity of the air in wet 
weather. 

The plants should be hung at uniform distances in fhe cur- 
ing house, and so distributed as not to leave open spaces from 
the bottom of the building to the top. 
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FIELD EXPERIMENIS WITH TOBACCO. 



E. S. GOFF. 



OuB tobacco was grown on a ratiier light clay loam, abun- 
dantly fertilized with, composted stable manure, and the 
ground was plowed both in the fall and spring. The variety 
of tobacco grown was the so-called Wilson's Hybrid, of 
which seed was procured from Knoxville, Ti6ga Co., Pa. 

AN EXPERIMENT IN THE IRRIGATION OF TOBACCO. 

During the past two seasons, in both of which the summer 
has been exceptionally dry, the experiment has been made of 
irrigating a small plat of tobacco to see how far, if at all, this 
treatment would enhance the yield and quality. 

In 1893 the part of the crop selected for this experiment 
was the latest setting, made July 6, at which date the soil 
was aibundantly moist, but little rain fell thereafter until the 
tobacco had been harvested. 

The first irrigation was made July 27. The plants at the 
time were suffering for water, as was shown by the wilting 
of the leaves during the warmer part of the day. Sufficient 
water was added to saturate the ground as deep as the plow 
line, the liquid being pumped from the adjacent laJie by means 
of a rotary pump operated by a portable engine, and delivered 
over the plat through gas pipe supplemented by wood flumes. 
The effect of the irrigation was quickly noticeable upon the 
foliage, the leaves soon standing more upright; later the upper 
leaves on the irrigated part showed a disposition to spread 
more than those on the part not irrigated, and the color of 
the foliage became darker. A light shower the day following 
the irrigation very soon dried off from the portion of the field 
not irrigated, so that its effect was scarcely visible, but ttie 
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irrigated part retained its moist appearance upon the surface 
far many days. As soon as the surface became sufficiently 
dry, tke irrigated plat was thoroughly cultivated, and as no 
rain came, irrigation was repeated on August 8th, as before. 
From the date of the first irrigation until the cutting of 
the tobacco (Sept. 8), the eflPect of the irrigation gradually 
became more apparent through the increased growth in the 
irrigated part After the plants were topped, the spaces be- 
tween the rows on the irrigated part were noticeably nar- 
rower, and the upi)er leaves were decidedly broader and more 
spreading. At the time of cutting, one hundred average 
plants from the irrigated part,and the same number from the 
part not irrigated, were weighed, af cer which the two lots of 
plants were hung side by side in the curing-house. They were 
taken down December 15, stripped and the leaves and stalks 
weighed December 16. The data are given in the following. 

Table ahoioing effects of irrigation on product of green and cured tobacca. 



One hundred plants irrigated. . 

One hundred plants not irri- 
gated 

Gain, presumably due to irri- 
gation 

Per cent, of gain 



Weight 
green. 


Weight of 

cured 

leaves. 


Weight of 
stalk''. 


Wejght of 

lOU HV. 

leaves. 

i 


lbs. 


lbs. 
2i.l5 

22.11 

.04 


lbs. 
4S.9 

85.9 
18.0 


lbs. 
8.34 

7 88 

.96 


23.4- 




83. -|- 


13.01 



Area per 

p< tund of 

cured leaf. 



fq. ft. 
62.44 

49 oa 

8.44 
7.03 



The past season (1894) but one irrigation was given. This- 
was made July 14, on a plat of tobacco of which the plants^ 
were set June 1st and which were forming the flower stalk at 
the time of the irrigation. The work was performed in the 
same manner as in the preceding year, the whole ground being 
soaked with water as deep as the plow line. 

The plants on the irrigated plat, and on adjoining plat not 
irrigated, were topped July 17, and at this date — ^but three 
days after the irrigation — the effect of the water was readily 
visible by the lighter green of the leaves on the irrigated plat, 
and by the. fact that the tops broke off much easier <»i this 
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plat than on the other. A hard wind-storm, which came about 
this time, broke down the plants much worse on the irrigated 
than on the unirrigated plat. 

From the time the water was applied until the tobacco was 
harvested the effect of the irrigation was visible, though rather 
less marked than the previous year, when two irrigations were 
given. As the tobacco was harvested, 48 lath, comprising 288 
plants, were weighed from the irrigated and from the unir- 
rigated plat, and the leaves from these plants were weighed 
after having been cured and stripped. Then in order to as- 
certaiu the effect of the irrigation upon the thickness of the 
leaves, 800 sound leaves were selected from each lot and 
weighed, after which the length and width of each leaf was 
measured. The numerical data appear in the following table: 



583 plants Irrigated 

288 plants not irrigated 

Oain preFumably from irrigation 
Per cent, of gain . 



Weight 
green. 


Weight rf 
cured leaf. 


WHght of 
too sound 
leaver. 


Pounds. 

744 5 

693.5 

51 


Pound"'. 

T8.95 

68.20 

4 75 


Pounds. 

19.02 

18.48 

54 


7.35 


6.96 


2 92 



\rea per 

lb. of cured 

leaf. 



Square 
' leet. 

42.58 

41.87 

.71 



1.70 



As will appear from the data furnished by these trials the 
irrigation was followed by a perceptible increase in crop, 
though in the first trial the increased growth api)eared to be 
almost entirely in the stalks. It is of interest also that the 
irrigation caused a perceptibly thinner leaf, as is shown by 
comparing the area per pound of cured leaf* of the irrigated 
and unirrigated plants. 

As appears from the figures, the results of one irrigation in 
1894 were more satisfactory as regards the yield of cured leaf 
than of the two irrigations given the preceding year. 

*The area of a leaf was computed by multiplying its length by one- 
half its width, and increasing? the product by one- third, it having been 
ascertained by trial that this is nearly exact. The average length and 
the average width of a leaf was asci rtained by taking measurements 
of 800 whole leaves. 
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It is possible that better results might have been secured 
both seasons had the water been added less rapidly, and the 
ground been less thoroughly soaked. 

No difference was perceptible in the quality of the cured 
leaf in 1893. In 1894 the irrigated leaf was thought to show 
fewer of the purple spots so commonly found on tobacco in 
dry seasons, but this difference was very slight. 

From the experiments thus* far made, it would appear that 
less profit is likely to accrue from the irrigation of tobacco than 
of strawberries. 



THE RELATION OF DISTANCE IN PLANTING TO YIELD AND 

THICKNESS OF LEAF. 

In order to ascertain the relation of the distance ai)art at 
which the plants grow in the field to the yield and thickness 
of the cured leaf, 10 rows, 31 inches apart, were set with plants 
20 inches apart; 10 rows, 3 feet apart, with plants 20 inches 
apart, and 10 rows, 3 1-2 feet apart, with plants 2 feet apart 
The plants were set June 1st and 2d, topped July 17 and 18, 
and harvested August 18 and 20. They were taken down about 
November 3 and stripped during the succeeding week. The 
following data were noted: 



3 ft. e iii.x 2 ft 

3 ft.x 1 ft. 8 in 

2 ft. 7 in. X 1 ft. 8 in 



Yield of 
10 rows. 


Yield per 
acre. 


Weight of 

400 average 

leaves. 


lbs. 




lb<«. 


360.55 


1,619.T4 


9 89 


353.4 


1,886.53 


8.79 


336.2 


2,034.18 


9.46 



Area per 

pound of 

leaf. 



sq. ft. 
40.66 
42.11 
42.01 



The results of this experiment as indicated by the above data 
are of interest, since they seem to show: 

Ist. The closer planting was followed by a marked increase 
in yield. 

2d. Closer planting in the row was followed by a thinner 
leaf, but lessening the distance between the rows was not 

It will be observed Hiat in the second and third distances 
of planting given in the table, the plants were given tiie same 
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distance in the row, and they gave nearly the same area of 
cured leaf per pound, notwithstanding the fact that in the 
third distance, the rows were placed 5 inches nearer together 
than in the second distance. 

The lesson suggested is that under the conditions! a distance 
of 2 feet and 7 inches between the rows was suflBcient for Ihe 
full development of the plants, because if the crowding had 
been increased by shortening the distance between the rows 
it is fair to assume that, with the large yield secured, the leaf 
womid have been rendered thinner. 
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EXCHANGES. 



The Station takes pride ia the fact that it has on file an 
almost complete list of the leading agricultural papers in 
the United States, besides many from foreign countries, 
and some not strictly treating of agriculture. These papers 
come to the Station in exchange for its reports and bulle- 
tins. While of the highest value to those connected with 
the Station as the expression of agricultural experience 
and sentiment, they are placed where they can be read and 
referred to by the agricultural students and others of the 
University, as well as by visitors. Any one desiring sam- 
ple copies of these papers can as a rule secure them upop 
application to the publishers, at the addresses given. 

FOREIQN BXCHANGKS. 

Agricultural Gazette, London, England . 

Analyst, London, England. 

Australian Ironmonger, Melbourne, S. Australia. 

Bell's Weekly Messenger, London, England. 

Bulletin Des Seances de la Societe Nationale D' Agriculture de France, 
Paris, France. 

Canadian Live Stock and Farm Journal, Toronto, Canada. 

Chronique Agricole du Canton du Vaud, Lausanne, Switzerland. 

L'Echo Agricole, Courtrai, Belgium. 

Dairy, London, England. 

Dairy Eeview, Woodbridge, Suffolk, England. 

Eztraitdes Travauz de la Soc. Centr. d'Agr. de la Seine Inf., Bouan 
France. 

Farmers' Advocate, London, Ontario. 

Field, London, England. 

Ftlhling's Landwirthschaftliche 2ieitung, Leipsic, Germany. 

Illustrated Journal of Agriculture, Montreal, Canada. 

Journal fUr Landwirtschaft, Berlin, Germany. 

Journal d 'Agriculture lUustre, Montreal, Canada. 
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Journal of the British Dairy Farmers* Ass'n, London, En^c. ~ 

Journal of Royal Agricultural Society of England, London, Eng. 

Kgl. Landtbruks Akademiens Handlingar och Tidskrift, Stockholm, 
Sweden. 

Landmandsvennen, Bergen, Norway. 

Landwirtschaftliche Wochenblatt f. Schleew. Holstein, Kie], Oermany. 

Le Messager Agricole, Paris, France. 

L'Industrie Laitiere, Paris, France. 

Live Stock Journal, London, England. 

Milch -Zeitung, Bremen, Germany. 

Neue Zeitscbrif t f Hr Rubenzucker Industrie, Berlin, Germany. 

North British Agriculturist, Edinburgh, Scotland. 

Nor' West Farmer, Winnipeg, Manitoba. 

Revue Internationale des Falsifications, Amsterdam, Holland. 

Rural Canadian, Toronto, Canada. 

Schweizerische Molkerei Zeitung, Ztlrich, Switzerland. 

Tidsskrift for det norske Landbrug, Christiania, Norway. 

Tidsskrift for Landoekonomi, Copenhagen, Denmark. 

Ugeskrift for Landmaend, Copenhagen, Denmark. 

Ulster Agriculturist, Belfast, Ireland. 

Weekly Times, Melbourne, Australia. 

Zeitschrift f^r Nahrungsmittel-Untersuchung und Hygiene, Vienna, 
Austria. 

Zeitschrift des Landw. Vereins in Bayem, Munich, Germany. 

DOMESTIC EXCHANGES. 

Acker und Gartenbau Zeitung, Milwaukee, Wis. 

Agricultural Epitomist, Indianapolip, Ind. 

American Agriculturist, New York, N. Y. 

American Creamery, Chicago, 111. 

American Cultivator, Boston, Mass. 

American Dairyman. New Ycrk, N. Y. 

American Grange Bulletin, Cincinnati, O. 

American Sheep- Breeder and Wool Grower, Chicago, III. 

American Swineherd, Chicago, 111. 

Baltimore Weekly Sun, Baltimore, Md. 

Boston Weekly Globe, Boston, Mass. 

Brpeder's Gazette, Chicago, 111. 

Bulletin of the American Devon Cattle Club, Wheeling, W. Va. 

Clover Leaf, South Bend, lud. 

Connecticut Farmer, Hartford , Conn. 

Country Gentleman, Albany. N. Y. 

Creamery and Dairy, Clarksville, la. 

Creamery Gazette, Ame8, Iowa. 

Creamery Journal, Waterloo, Iowa. 

Cultivator, Omaha, Neb. 
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Detroit Free Press, Detroit, Mich . 
Dorset Quarterly, ^Vashiogton, Pa. 
Der Deutsch-AmerikaDische Mtlller, Chicago, 111. 
Drainage and Farm Journal, Indianapolis, Ind. 
Elgin Dairy Report, Elgin, 111. 
Farm and Dairy, Ames, Iowa. 
Farm and Fireside, Springfield, Ohio. 
Farm and Home, Springfield, Mass. 
Farmers' Guide, Huntington, Ind. 
Farmers' Home, Dayton, Ohio. 
Farmers' Home Journal, Louisville, Ky. 
Farmers' Magazine, Springfield, HI. 
Farmers Union, Chicago, 111. 
Farm, Field and Fireside, Chicago, 111. 
Farm Journal, Philadelphia, Pa. 
Farmers' Review, Chicago, 111. 
Farm, Stock and Home, Minneapolis, Minn. 
Field and Farm, Denver, Colo. 
Gefliigel ZUchter, Wausau, Wis. 
Grange Visitor. Charlotte, Mich. 
Hoard's Dairyman, Ft. Atkinson, Wis. 
Holstein Friesian Register, Brattleboro, Vt 
Home and Farm, Louisville, Ky. 
HoRpodar, Omaha, Neb. 
Indiana Farmer, Indianapolis, Ind. 
Industrial American, Lexington, Ky. 
Industrialist, Manhattan, Kas. 
Iowa Homestead. Des Moines, la. 
Irrigation Age, Chicag:o, 111. 
Jersey Bulletin, Indianapolis, Ind. 
Kansas Farmer, Topeka, Kas. 
Live Stock Indicator, Kansas City, Mo. 
' Live Stock Report, Chicago, 111. 
Lodi Valley News, Lodi, Wis. 
Lousiana Planter, New Orleans, La. 
Manitowoc Tribune, Manitowoc, Wis. 
Maryland Farmer, Baltimore, Md. 
Midland Poultry Journal, Kansas City, Mo. 
Mirror and Farmer, Manchester, N. H. 
National Stockman, Pittsburg, Pa. 
Nebraska Farmer, Lincoln, Neb. 
New England Farmer, Boston, Mass. 
New England Homestead, Springfield, Mass. 
Northwestern Agriculturist, Minneapolis, Minn 
Ohio Farmer, Cleveland, Ohio. 
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1 

t 

Ormnge Jndd Fanner, Ghicsfco, 111. 

Pacific Rural Press, San Fraacisoo, CaL 

Practical Farmer, Philadelphia, Pa. 

Prairie Farmer, Chicago, Hi 

Rural Life, IVaterloo, Iowa. ! 



Rural New Yorker, New Y<»rk, N. Y. 

Sheboygan County News, Sheboygan Falls, Wis. 

SkOrdemannen, Minneapolis, Minn. 

Southern Cultivator, Atlanta, Oa. 

Southern Live Stock Journal, Starkville, Miss« 
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plat than an the other. A hard wind-storm, which came about 
this time, broke down the plants much worse on the Irrigated 
than on the unirrigated plat. 

From the time the water was applied until the tobacco was 
harvested the effect of the irrigation was visible, though rather 
less marked than the previous year, when two irrigations were 
given. As the tobacco was harvested, 48 lath, comprising 288 
plants, were weighed from the irrigated and from the unir- 
rigated plat, and the leaves from these plants were weighed 
after having been cured and stripped. Then in order to as- 
certain the effect of the irrigation upon the thickness of the 
leaves, 800 sound leaves were selected from each lot and 
weighed, after which the length and width of each leaf was 
measured. The numerical data appear in the following table: 



283 plants irrigated 

288 plants not Irrigated 

-Gain pref umably from irrigation . 
Per cent, of gain . . . 



Weight 
gret* u . 


Weight rf 
cured leaf. 


WHght of 
too sound 
leaves. 


Founds. 

744 5 

693.5 

61 


Pound--. 

72 05 

69.20 

4 75 


Pounds. 

19.02 

18.48 

54 


7.85 


6.96 


2 92 



Area per 

lb. of cured 

leaf. 



Square 
ieet. 

42.58 

41.87 

.71 

1.70 



As will appear from the data furnished by these trials the 
irrigation was followed by a perceptible increase in crop, 
though in the fir»t trial the increased growth appeared to be 
almost entirely in the stalks. It is of interest also that the 
irrigation caused a perceptibly thinner leaf, as is shown by 
comparing the area per pound of cured leaf* of the irrigated 
and unirrigated plants. 

As appears from the figures, the results of one irrigation in 
1894 were more satisfactory as regards the yield of cured leaf 
than of the two irrigations given the preceding year. 

*The area of a leaf was computed by multiplying? its length by one- 
half its width, and increasing the product by one- third, it having been 
ascertained by trial that this is nearly exact. The average length and 
the average width of a leaf was ascc rtained by taking measurements 
of 800 whole leaves. 
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It is possible th.at better results might liave been secured 
both, seasons had the water been added less rapidly, and the 
ground been less thoroughly soaked. 

No difference was perceptible in the quality of the cured 
leaf in 1893. In 1894 the irrigated leaf was thought to show 
fewer of the purple spots so commonly found on tobacco in 
dry seasons, but this difference was very slight. 

From the experiments thus* far made, it would appear that 
less profit is likely to accrue from the irrigation of tobacco than 
of strawberries.' 



THE RELATION OF DISTANCE IN PLANTING TO YIELD AND 

THICKNESS OF LEAF. 

In order to ascertain the relation of the distance apart at 
which the plants grow in the field to the yield and thickness 
of the cured leaf, 10 rows, 31 inches apart, were set with plants 
20 inches apart; 10 rows, 3 feet apart, with plants 20 inches 
apart, and 10 rows, 3 1-2 feet apart, with plants 2 feet apart 
The plants were set June 1st and 2d, topped July 17 and 18, 
ajid harvested August 18 and 20. They were talien down about 
November 3 and stripped during the succeeding week. The 
following data were noted: 



3 ft. em.x2ft 

Sft.xlft. Sin 

«ft. 7fn. X 1ft. Sin 



Yield of 
10 rows. 


Yield per 
acre. 


Weight of 

400 average 

leaves. 


lbs. 




]h^. 


360.55 


1,6<9.:4 


9 89 


353.4 


1,886.53 


8.79 


336.8 


2,034.18 


9.46 



Area per 

pouDd of 

leaf. 



sq. ft. 
40.^6 
42.11 
42.01 



The results of this experiment as indicated by the above data 
are of interest, since they seem to sihow : 

Isit. The closer planting was followed by a marked increase 
in yield. 

2d. Closer planting in the row was followed by a thinner 
leaf, but lessening the distance between the rows was not 

It will be observed that in the second and third distances 
of planting given in the table, the plants were given the same 
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distance in the row, and tliey gave nearly the same area of 
cured leaf per ponnd, notwithstanding the fact tliat in the 
third distance, the rows were placed 5 inches nearer together 
than in the second distance. 

The lesson suggested is that under the conditions a distance 
of 2 feet and 7 inches between the rows was sufficient for the 
full development of the plants, because if the crowding had 
been increased by shortening the distance between the rows 
it is fair to assume that, with the large yield secured, the leaf 
womid have been rendered thinner. 
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EXCHANGES. 



The Station takes pride in the fact that it has on file an 
almost complete list of the leading agricultural papers in 
the United States, besides many from foreign countries, 
and some not strictly treating of agriculture. These papers 
come to the Station in exchange for its reports and bulle- 
tins. While of the highest value to those connected with 
the Station as the expression of agricultural experience 
and sentiment, they are placed where they can be read and 
referred to by the agricultural students and others of the 
University, as well as by visitors. Any one desiring sam- 
ple copies of these papers can as a rule secure them upop 
application to the publishers, at the addresses given. 

FOREIGN EXCHANGES. 

Agricultural Gazette, London, England . 

Analyst, London, England. 

Australian Ironmonger, Melbourne, S. Australia. 

Bell's Weekly Messtnger, London, England. 

Bulletin Des Seances de la Societe Nationale D' Agriculture de France, 
Paris, France. 

Canadian Live Stock and Farm Journal, Toronto, Canada. 

Chronique Agricole du Canton du Vaud, Lausanne, Switzerland. 

L'Echo Agricole, Courtrai, Belgium. 

Dairy, London, England. 

Dairy Review, Woodbridge, Suffolk, England. 

Extraitdes Travauz de la Soc. Centr. d'Agr. de la Seine Inf., Rouen 
France. 

Farmers' Advocate, London, Ontario. 

Field, London, England. 

Fdhling's LandwirthschaftlicheZeitung, Leipsic, Germany. 

Illustrated Journal of Agriculture, Montreal, Canada. 

Journal ftlr Landwirtschaft, Berlin, Germany. 

Journal d 'Agriculture Ulustre, Montreal, Canada. 
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plat than an the other. A hard wind-storm, which came about 
this time, broke down the plants much worse on the irrigated 
than on the unirrigated plat. 

From the time the water was applied until the tobacco was 
harvested the effect of the irrigation was visible, though rather 
less marked than the previous year, when two irrigations were 
given. As the tobacco was harvested, 48 lath, comprising 288 
plants^ were weighed from the irrigated and from the unir- 
rigated plat, and the leaves from these plants were weighed 
after having been cured and stripped. Then in order to as- 
certain the effect of the irrigation upon the thickness of the 
leaves, 800 sound leaves were selected from each lot and 
weighed, after which the length and width of each leaf was 
measured. The numerical data appear in the following table: 



AVelght 
green . 



^83 plants irrigated 

288 plaut8 not irrigated 

Oain presumably from irrigation 
Per cent, of gain . 



Founds. 



Weight rf 
cured leaf. 



Pound-'. 



744 5 


78 95 


693.5 


68.20 


61 


4 75 


7.85 


6.96 



WHght of 
too sound 
leaves. 



Pounds. 

19.02 

18 48 

54 

2 92 



^rea per 

lb. of cured 

leaf. 



Square 
ieet. 

42.58 

41.87 

.71 

1.70 



As will appear from the data furnished by these trials the 
irrigation was followed by a perceptible increase in crop, 
though in the first trial the increased growth appeared to be 
almost entirely in the stalks. It is of interest also that the 
irrigation caused a perceptibly thinner leaf, as is shown by 
coraparing the area per pound of cured leaf* of the irrigated 
and unirrigated plants. 

As appears from the figures, the results of one irrigation in 
1894 were more satisfactory as regards tiie yield of cured leaf 
than of the two irrigations given the preceding year. 

*The area of a leaf was corapated by maltiplyiDg its length by one- 
half its width, and increasing? the product by one- third, it having been 
ascertained by trial that this is nearly exact. The average length and 
the average width of a leaf was ascc rtained by taking measurements 
of 800 whole leaves. 
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It is possible that better results might have been secured 
both seasons had the water been added less rapidly, and the 
^ound been less thoroughly soaked. 

No difference was perceptible in the quality of the cured 
leaf in 1893. In 1894 the irrigated leaf was thought to show 
fewer of the purple spots so commonly found on tobacco in 
dry seasons, but this difference was very slight. 

From the experiments thus* far made, it would appear that 
less profit is likely to accrue from the irrigation of tobacco than 
of strawberries. 



THE RELATION OP DISTANCE IN PLANTING TO YIELD AND 

THICKNESS OF LEAF. 

In order to ascertain the relation of the distance ax>art at 
which the plants grow in the field to the yield and thickness 
of the cured leaf, 10 rows, 31 inches apart, were set with plants 
20 inches apart; 10 rows, 3 feet apart, with plants 20 ruches 
apart, and 10 rows, 3 1-2 feet apart, with plants 2 feet apart. 
The plants were set June 1st and 2d, topped July 17 and 18, 
and harvested August 18 and 20. They were taken down about 
November 3 and stripped during the succeeding week. The 
following data were noted : 



3 ft. e in.x 2 ft 

Sft.xlft. Sin 

« ft. 7 In. X 1ft. Sin 



Yield of 
10 rows. 


Yield per 
acre. 


Weight of 

400 average 

leaves. 


lbs. 




Ib^. 


360.55 


1,649. 74 


9 a9 


353.4 


1,886.53 


8.79 


338.2 


2,034.18 


9.46 



pound of 



leaf. 



sq. ft. 
40.66 
42.lt 
42.01 



The results of this experiment as indicated by the above data 
are of interest, since they seem to sihow : 

1st. The closer planting was followed by a marked increase 
in yield. 

2d. Closer planting in the row was followed by a thinner 
leaf, but lessening the distance between the rows was not. 

It will be observed tiiat in the second and third distances 
of planting given in the table, the plants were given tiie fi^me 
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distance in the row, and tkey gave nearly the same area of 
cured leaf per pound, notwithstanding the fact that in the 
third distance, the rows were placed 5 inches nearer together 
than in the second distance. 

The lesson suggested is that under the conditions! a distance 
of 2 feet and 7 inches between the rows was sufficient for the 
full development of the plants, because if the crowding had 
been increased by shortening the distance between the rows 
it is fair to assume that, with the large yield secured, the leaf 
womid have been rendered thinner. 
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tins. While of the highest value to those connected with 
the Station as the expression of agricultural experience 
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Journal d 'Agriculture Illustre, Montreal, Canada. 
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Journal of the British Dairy Farmers' Ass'n, Loo don, Edr. - 

Journal of Royal Agricultural Society of England, London, Eng. 

Kgl. Landtbruks Akademiens Handlingar och Tid&krift, Stockholm, 
Sweden. 

Landmandsvennen, Bergen, Norway. 

Landwirtscbaftliche Wochenblatt f. Schleew. Holstein, Kiel, Germany. 

Le Messager Agricole, Paris, France. 

L*Indu8trie Laitiere, Paris, France. 

Live Stock Journal, London, England. 

Hklch-Zeitung. Bremen, Qermany. 

Neue Zeitschrif t fCLr RQbensucker Industrie, Berlin, Crermany. 

North British Agriculturist, Edinburgh, Scotland. 

Nor'Wefit Farmer, Winnipeg, Manitoba. 

Revue Internationale des Falsifications, Amsterdaoi, Holland. 

Rural Quiadian, Toronto, Canada. 

Schweiseiische Molkerei Zeitung, ZCbrich, Switzerland. 

Tidsskrift for det norske Landbrug, Christiama, Norway. 

Tidsskrift for Landoekonomi. Copenhagen, Denmark. 

Ugeekrift for Landmaend, Copenhag^ni, Denmark. 

Ulster Agriculturist, Belfast, Ireland. 

We^ly Times, Melbourne, Australia. 

Zeitschrift fCtr NahrungsmiUe.!-Unt»suchuiig and Hygi^ie, Viama, 
Austria. 

Zeitschrift des Landw. Vemns in Bajem, Munich. G^maoy. 

I>OMeSTIC EXCHAXOIESi. 

Acker und Gaitenbau Zeitun^r, Milwaukee, Wis. 
A^^ricultttiml Epttomisr« Indianapolis, Ind. 
Ametican Agriculturist, New York, N. Y. 
Am^ncan Creamety, Chicago, IlL 
Ammcan Cultivator, Boston. Mass. 
Amencan Dairyinar, New Yirk. N. Y. 
American Grange Bulletin. Cincif\nati. O. 
Amenoaa Sheep^Breeder and Wool Growler. Chicago, HI. 
American Swinelk^*d, Chicago IlL 
Baltimoi^ Weekly Sun, BahimoK^ Md. 
Bostson Weekly Globe, Boston, Mass. 
Brf^eder^OazeUA, Chicago. HI. 

Bulletin of the Anoencan Devon CatiJe Club. Wheeling, W. 
Clover Leaf, Sout^ Bend, lud. 
Connectiont Fwrner, Hartford . C-onn. 
Ocsantrt Geiit^eman, Albany, K Y. 
Cneamezy and Dairr, Cki^c-.ljr, Ia. 
Oheamery Gaaeitte^ Ames, Iowa. 
Opsamerr Joan«al. Waterloo, lo^ 
Coltix^aior, Omaha, Keib. 
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Detroit Free Press, Detroit, Mich . 
Dorset Quarterly, Washington, Pa. 
Der Deutsch-Amerikanische Mtlller, Chicago, III. 
Drainage and Farm Journal, Indianapolis, Ind. 
Elgin Dairy Report, Elgin, 111. 
Farm and Dairy, Ames, Iowa. 
Farm and Fireside, Springfield, Ohio. 
Farm and Home, Springfield, Mass. 
Farmers' Guide, Huntington, Ind. 
Farmers' Home, Dayton, Ohio. 
Farmers' Home Journal, Louisville, Ky. 
Farmers' Magazine, Springfield, 111. 
Farmers Union, Chicago, 111. 
Farm, Field and Fireside, Chicago, 111. 
Farm Journal, Philadelphia, Pa. 
Farmers' Review, Chicago, 111. 
Farm, Stock and Home, Minneapolis, Minn. 
Field and Farm, Denver, Colo. 
Geflugel Ztlchter, Wausau, Wis. 
Grange Visitor, Charlotte, Mich. 
Hoard's Dairyman, Ft. Atkinson, Wis. 
Holstein Friesian Register, Brattleboro, Vt 
Home and Farm, Louisville, Ky. 
HoApodar, Omaha, Neb. 
Indiana Farmer, Indianapolis, Ind. 
Industrial American, Lexington, Ky. 
Industrialist, Manhattan, Kas. 
Iowa Homestead, Des Moines, la. 
Irrigation Age, Chicago, 111. 
Jersey Bulletin, Indianapolis, Ind. 
Kansas Farmer, Topeka, Kas. 
Live Stock Indicator, Kansas City, Mo. 
' Live Stock Report, Chicago, 111. 
Lodi Valley News, Lodi, Wis. 
Lousiana Planter, New Orleans, La. 
Manitowoc Tribune, Manitowoc, Wis. 
Maryland Farmer, Baltimore, Md. 
Midland Poultry Journal, Kansas City, Mo. 
Mirror and Farmer, Manchester, N. H. 
National Stockman, Pittsburg, Pa. 
Nebraska Farmer, Lincoln, Neb. 
New England Farmer, Boston, Mass. 
New England Homestead, Springfield, Mass. 
Northwestern Agriculturist, Minneapolis, Minn 
Ohio Farmer, Cleveland, Ohio. 
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Orange Judd Farmer, CbicaKO, 111. 

Pacific Rural Press, San Francisco, Gal. 

Practical Farmer, Philadelphia, Pa. 

Prairie Farmer, Chicago, 111. 

Rural Life, Waterloo, Iowa. 

Rural New Yorker, New York, N. Y. 

Sheboygan County News, Sheboygan Falls, Wis. 

SkOrdemannen, Minneapolis, Minn. 

Southern Cultivator, Atlanta, Ga. 

Southern Live Stock Journal, Starkvllle, Miss. 

Southern Planter, Richmond, Va. 

St. Croix Republican, New Richmond, Wis. 

Sugar Beet, Philadelphia. Pa. 

Texas Farm and Ranch, Dallas, Texas. 

United States Miller, Chicago, III., and Milwaukee, Wis. 

Vick's Illustrated Monthly Magazine, Rochester, N. Y. 

Western Agriculturist and Live Stock Journal, Chicago, HI. 

Western Rural, Chicago, III. 

Western Stockman and Cultivator, Omaha, Neb. 

Western Swineherd, Oenesee, III. 

Wisconsin Agriculturist, Racine, Wis. 

Wisconsin Farmer, Madison, Wip, 

Wisconsin Weather and Crop Journal, Milwaukee, Wis. 

Wool and Hide Shipper, Chicago, HI. 

Wool and Mutton, Minneapolis, Minn. 
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FIELD EXPERIMENIS WITH TOBACCO. 



E. S. GOFP. 



Our tobacco was grown ou a rather light clay loam, abtm- 

dantly fertilized with composted stable manure, and the 

groimd was plowed both in the fall and spring. The variety 

of tobacco grown was the so-called Wilson's Hybrid, of 

which seed was procured from Knoxville, Tioga Co., Pa. 

AN EXPERIMENT IN THE IRRIGATION OF TOBACCO. 

During the i>ast two seasons, in both of which the summer 
bas been exceptionally dry, the experiment has been made of 
irrigating a small plat of tobacco to see how far, if at all, this 
treatment would enhance the yield and quality. 

In 1893 the part of the crop selected for this experiment 
was the latest setting, made July 6, at which date the soil 
was aibundantly moist, but little rain fell thereafter until the 
tobacco had been harvested. 

The first irrigation was made July 27. The plants at the 
time were suffering for water, as was shown by the wilting 
of the leaves during the warmer part of the day. Suflftcient 
water was added to saturate the ground as deep as the plow 
line, the liquid being pumped from the adjacent lake by means 
of a rotary pump operated by a portable engine, and delivered 
over the plat through gas pipe supplemented by wood flumes. 
The effect of the irrigation was quickly noticeable upon the 
foliage, the leaves soon standing more upright; later the upper 
leaves on the irrigated part showed a disposition to spread 
more than those on the part not irrigated, and the color of 
the foliage became darker. A light shower the day following J 

the irrigation very soon dried off from the portion of the field 
not irrigated, so that its effect was scarcely visible, but the 
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irrigated part retained its moist appearance upon the surface 
for many days. As soon as the surface became sufficiently 
dry, the irrigated plat was thoroughly cultivated, and as no 
rain came, irrigation was repeated on August 8th, as before. 
From the date of the first irrigation until the cutting of 
the tobacco (Sept. 8), the effect of the irrigation gradually 
became more apparent through the increased growth in the 
irrigated part. After the plants were topped, the spaces be- 
tween the rows on the irrigated part were noticeably nar- 
rower, and the upper leaves were decidedly broader and more 
spreading. At the time of cutting, one hundred average 
plants from the irrigated part, and the same number from the 
part not irrigated, were weighed, after which the two lots of 
plants were hung side by side in the curing-house. They were 
taken down December 15, stripped and the leaves and stalks 
weighed December 16. The data are given in the following. 

Table ahouring effe^^ts of irrigation on product of green and cured tobacca. 



One hundred plants irrigated. . 

One hundred plants not irri 
gated 

Gain, presumably due to irri- 
gation 

Per cent, of gain 



Weight 
greeu. 


Weight of 

cured 

leaves. 


Weight of 
stalks. 


Weight of 
lOuav. 
leaves. 


lbs. 
215% 

199>4 
46H 


lbs. 
23.15 

22.11 

.04 


1 

lbs. 

4S.9 
35.9 
18.0 


lbs. 
8.S4 

7 38 

.96 


2:3.4. 




33.4 


13.01 



Area per 

p. lund of 

cured leal. 



fq. ft. 
52.44 

49 00 

3.44 
7.0i 



The past season (1894) but one irrigation was given. This- 
was made July 14, on a plat of tobacco of which tiie plants^ 
were set June 1st and which were forming the flower stalk at 
the time of the irrigation. The work was performed in the 
same manner as in the preceding year, the whole ground being 
soaked with water as deep as the i>low line. 

The plants on the irrigated plat, and on adjoining plat not 
Irrigated, were topped July 17, andi at this date — ^but three 
days after the irrigation — the effect of the water was readily 
visible by the lighter green of the leaves on the irrigated plat, 
and by the. fact that the tojw broke off much easier on thia 
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plat than on the other. A hard wind-storm, which came about 
this time, broke down the plants much worse on the irrigated 
than on the unirrigated plat. 

From the time the water was applied until the tobacco was 
harvested the effect of the irrigation was visible, though rather 
less marked than the previous year, when two irrigations were 
given. As the tobacco was harvested, 48 lath, comprising 288 
plants, were weighed from the irrigated and from the unir- 
rigated plat, and the leaves from these plants were weighed 
after having been cured and stripped. Then in order to as- 
certain the effect of the irrigation upon the thickness of the 
leaves, 800 sound leaves were selected from each lot and 
weighed, after which the length and width of each leaf was 
measured. The numerical data appear in the following table: 



283 plants irrigated 

288 plants not irrigated 

Gain presumably from irrigation 
Per cent, of gain . . 



Weight 
greeu . 


Weight rf 
cured leaf. 


WHght of 
bOO sound 
leaves. 


Pounds. 

744 5 

693.5 

61 


Pound'. 

72 95 

68.20 

4 75 


Pounds. 

19.02 

1848 

54 


7.85 


6.96 


2 92 



Area per 

lb. of cured 

leaf. 



Square 
leet. 

42.58 

41.87 

.71 

1.70 



As will appear from the data furnished by these trials the 
irrigation was followed by a perceptible increase in crop, 
though in the first trial the increased growth appeared to be 
almost entirely in the stalks. It is of interest also that the 
irrigation caused a perceptibly thinner leaf, as is shown by 
coruparing the area per pound of cured leaf* of the irrigated 
and unirrigated plants. 

As appears from the figures, the results of one irrigation in 
1894 were more satisfactory as regards the yield of cured leaf 
than of the two irrigations given the preceding year. 

♦The area of a leaf was computed by multiplyiDff its length by one- 
half its width, and increasing? the product by one- third, it having been 
ascertained by trial that this is nearly exact. The average length and 
the average width of a leaf was asct rtained by taking measurements 
of 800 whole leaves. 
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It is possible that better results might have been secured 
both seasons had the water been added less rapidly, and the 
ground been less thoroughly soared. 

No difference was perceptible in the quality of the cured 
leaf in 1893. In 1894 the irrigated leaf was thought to show 
fewer of the purple si)ots so commonly found on tobacco in 
dry seasons, but this difference was very slight. 

From the experiments thus* far made, it would appear that 
less profit is likely to accrue from the irrigation of tobacco than 
of strawberries. 



THE RELATION OP DISTANCE IN PLANTING TO YIELD AND 

THICKNESS OF LEAP. 

In order to ascertain the relation of the distance ai>art at 
which the plants grow in the field to the yield and thickness 
of the cured leaf, 10 rows, 31 inches apart, were set with plants 
20 inches apart; 10 rows, 3 feet apart, with plants 20 inches 
apart, and 10 rows, 3 1-2 feet apart, with plants 2 feet apart 
The plants were set June 1st and 2d, topped July 17 and 18, 
and harvested August 18 and 20. They were taken down about 
November 3 and stripped during the succeeding week. The 
followiQg data were noted: 



3 ft. em.x2ft 

3 f t.x 1 ft. 8 in 

«ft. 7 In. X 1ft. Sin 



Yield of 
10 rows. 


Yield per 
acre. 


Weight of 

400 average 

leaves. 


lbs. 




lb<». 


360.55 


t,619.T4 


9 89 


353.4 


1,886.53 


8.79 


386.8 


2,034.18 


9.46 



Area per 

pound of 

leaf. 

sq. ft. 
40.66 
42.11 
42.01 



The results of this experiment as indicated by the above data 
are of interest, since they seem to sihow : 

1st. The closer planting was followed by a marked increaae 
in yield. 

2d. Closer planting in the row was followed by a thinner 
leaf, but lessening the distance between the rows was not. 

It will be observed that in the second and third distances 
of planting given in the table, the plants were given the same 
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distance in the row, and they gave nearly the same area of 
cured leaf per i)oiind, notwithstanding the fact that in the 
third distance, the rows were placed 5 inches nearer together 
than in the second distance. 

The lesson suggested is that under the conditions a distance 
of 2 feet and 7 inches between the rows was sufficient for the 
full development of the plants, because if the crowding had 
been increased by shortening the distance between the rows 
it is fair to assume that, with the large yield secured, the leaf 
womid have been rendered thinner. 
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EXCHANGES. 



The Station takes pride in the fact that it has on file an 
almost complete list of the leading agricultural papers in 
the United States, besides macy from foreign countries, 
and some not strictly treating of agriculture. These papers 
come to the Station in exchange for its reports and bulle- 
tins. While of the highest value to those connected with 
the Station as the expression of agricultural experience 
and sentiment, they are placed where they can be read and 
referred to by the agricultural students and others of the 
University, as well as by visitors. Any one desiring sam- 
ple copies of these papers can as a rule secure them upop 
application to the publishers, at the addresses given. 

FOREIGN EXCHANGKS. 

Agricultural Gazette, London, England. 

Analyst, London, England. 

Australian Ironmonger, Melbourne, S. Australia. 

Bell's Weekly Messenger, London, England. 

Bulletin Des Seances de la Societe Nationale D' Agriculture de France, 
Paris, France. 

Canadian Live Stock and Farm Journal, Toronto, Canada. 

Chronique Agricole du Canton du Vaud, Lausanne, Switzerland. 

L'Echo Agricole, Courtrai, Belgium. 

Dairy, London, England. 

Dairy Review, Woodbridge, Suffolk, England. 

Extraitdes Travaux de la Soc. Centr. d'Agr. de la Seine Inf., Rouan 
France. 

Farmers' Advocate, London, Ontario. 

Field, London, England. 

Ftlhling's Landwirthschaftliche Zeitung, Leipsic, Germany. 

Illustrated Journal of Agriculture, Montreal, Canada. 

Journal far Landwirtschaft, Berlin, Germany. 

Journal d'Agriculture Illustre, Montreal, Canada. 



